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NOVEL POTENT INDUCERS OF 

TERMINAL DIFFERENTIATION amp mb t rqpb o* pse i^ yiy 

5 

This is a continuation-in-part application of U.S. Serial 
No. 374,343, filed June 30, 1989, which in turn is a 
continuation-in-part of application U.S. Serial No. 270,963, 
filed November 14, 1988, the contents of which are hereby 
1Q incorporated by reference into the present application. N> 

This application also claims the benefit of PCT 
International Application No. PCT/US89/05203, filed November 
14, 1989, under 35 U.S. C. § 119. 

15 

Background a ? <ft t n»r« B< H ?11 



Throughout this application various publications are 
referenced by arable numerals within parentheses. Full 

20 citations for these publications may be found at the end of 
the specification immediately preceding the claims. The 
disclosures of these publications in their entireties are 
hereby incorporated by reference into this application in 
order to more fully describe the state of the art to which 

25 this invention pertains. 



Cancer is a disorder in which . a population of cells has 
become, in varying degrees, unresponsive to the control 
mechanisms which normally govern proliferation and 

30 differentiation. For many years there have been two 
principal strategies for chemotherapeutic treatment of 
cancer: a) blocking hormone-dependent tumor cell 
proliferation by interference with the production or 
peripheral action of sex hormones; and b) killing cancer 

35 cells directly by exposing them to cytotoxic substances. 
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which injure both neoplastic and normal cell populations. 

Relatively recently, cancer therapy is also being attempted 
by the induction of terminal differentiation of the 
neoplastic cells (1). In cell culture models 

differentiation has been reported by exposure of cells to a 
variety of stimuli, including: cyclic AMP and retinoic acid 
(2,3), aclarubicin and other anthracyclines (4). 

There is abundant evidence that neoplastic transformation 
does not necessarily destroy the potential of cancer cells 
to differentiate (1,5,6). There are many examples of tumor 
cells which do not respond to the normal regulators of 
proliferation and appear to be blocked in the expression of 
their differentiation program, and yet can be induced to 
differentiate and cease replicating. A variety of agents, 
including some relatively simple polar compounds (5,7-9), 

20 derivatives of vitamin D and retinoic acid (10-12), steroid 
hormones ( 13 ) , growth factors (6,14), proteases (15,16), 
tumor promoters (17,18), and inhibitors of DNA or RNA 
synthesis (4,19-24), can induce various transformed cell 
lines and primary human tumor explants to express more 

25 differentiated characteristics. 

Early studies by the present inventors identified a series 
of polar compounds that were effective inducers of 
differentiation in a number of transformed cell lines (8,9) . 

30 Of these, the most effective inducer, until recently, was 
the hybrid polar/ apolar compound l^N'-hexamethylene 
bisacetamide (HMBA) (9) . The use of polar/ apolar compounds 
to induce murine erythroleukemia cells (MELC) to undergo 
erythroid differentiation with suppression of oncogenicity 

35 has proved a useful model to study inducer-mediated 
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15 



differentiation of transformed cells (5,7-9). HMBA-induced 
MELC terminal erythroid differentiation is a multistep 
process. Upon addition of HMBA to MELC (745A-DS19) in 
culture, there is a latent period of 10 to 12 hours before 
commitment to terminal differentiation is detected. 
Commitment is defined as the capacity of cells to express 
terminal differentiation despite removal of inducer (25) . 
Upon continued exposure to HMBA there is progressive 
recruitment of cells to differentiate. Recently, the 
present inventors reported that MELC cell lines made 
resistant to relatively low levels of vincristine become 
markedly more sensitive to the inducing action of HMBA and 
can be induced to differentiate with little or no latent 
period (26). 



20 



25 



30 



35 



HMBA is capable of inducing phenotypic changes consistent 
with differentiation in a broad variety of cells lines (5) . 
The characteristics of the drug induced effect have been 
most extensively studied in the murine erythroleukemia cell 
system (MELC) (5,25,27,28). MELC induction of 

differentiation is both time and concentration dependent. 
The minimum concentration required to demonstrate an effect 
in 2itE2 in most strains is 2 to 3 mM; the minimum duration 
of continuous exposure generally required to induce 
differentiation in a substantial portion (>20%) of the 
population without continuing drug exposure is about 36 
hours. 

The primary target of action of HMBA is not known. There is 
evidence that protein kinase c is involved in the pathway of 
inducer-mediated differentiation (29) . The m vitro studies 
provided a basis for evaluating the potential of HMBA as a 
cytodif ferentiation agent in the treatment of human cancers 
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(30) . Several phase I clinical trials with HMBA have been 
completed (31-36) . Recently , the first evidence was 
reported that this compound can induce a therapeutic 
response in patients with cancer (35,36). These phase I 
clinical trials demonstrate that the potential efficacy of 
HMBA is limited, in part, by dose-related toxicity which 
prevents achieving optimal blood levels and by the need for 
intravenous administration of large quantities of the agent, 
over prolonged periods. 

The present invention provides new chemical inducers which 
are 2-20 times more active than HMBA. It has unexpectedly 
been found that compounds having two or more nonpolar 
components connected by a polar group and having groups on 
the termini of the compound are effective inducers of 
terminal differentiation. For instance, bis-hexamethylene 
triacetamide, which comprises three acetamide groups 
connected by two six-carbon chains, has been found to be a 
potent inducer of terminal differentiation in MELC. 

This new class of compounds of the present invention may be 
useful for selectively inducing terminal differentiation of 
neoplastic cells and therefore aid in treatment of tumors in 
patients. 



15 



20 



30 



35 
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Summary ef fcha fnvantlo^ 



The invention provides a class of compounds having the 
5 structure : 



10 



15 



20 



wherein each of A, A,, A^ Aj, and A 4 represent a polar group 
which comprises a nitrogen, sulfur or oxygen atom wherein 
each of A, A 1 , A^ Aj, and A 4 may independently be the same 
as, or different from, the others of A, A,, A^ A3, and A 4 ; 

wherein each of R and R, is a hydrogen atom; a lower alkyl, 
alkenyl, or alkynyl group; or a group having the structure: 

-N 

I 

wherein each of Rj and R, being a hydrogen atom or a lower 
alkyl, alkenyl, or alkynyl group; and wherein each of R, R,, 
Rj and Rj may independently be the same as, or different from 
25 the other of R, r,, R2 and R3; 

wherein each of [R-A] and [A 4 -R,] have a dipole moment 
greater than about 2.7 Debye units; 

30 wherein each of B, B,, B 2 , and B, represents a nonpolar group 
which comprises at least 4 atoms in a chain, the termini of 
which chains are attached to A and A,, A 1 and J^, Aj and A,, 
and A, and A 4 , respectively; wherein each such atom is 
oxygen, nitrogen, carbon, or sulfur and wherein each of B, 

35 B i- Bj. and B3 may independently be the same as, or different 
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from the others of B, B t , Bg and Bj; 

and wherein each of a and b is independently 0 or 1. 

Other compounds of this invention include a compound having 
the structure: 



10 



15 



(CM 3 ) 2 N-C-(CH 2 ) 5 
0 




CHjh-jj-NCCH^ 
0 



20 



25 



or a compound having the structure: 



30 



*1 



o 



CH, 



O 
II 

C-O-Rg 



CH 3 -N-C-(CH 2 ) 3 - 
0 



(CH 2 ) 3 -C-N-CH 3 
O 



35 
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wherein Rl and R2 may be the same or different and each is 
a lower alkyl group. 

5 Also provided by this invention is a compound having the 
structure: 



wherein R is H or a lower alkyl group. 

20 

This invention further provides a compound having the 
structure: 



O 



10 



15 




25 




30 



wherein n is an integer which is greater than 1 and R, and 
Rj may be the same or different and each is H or a lower 
alkyl group. 
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A compound having the structure: 



5 XI X2 

°" C \ c /t0 

10 CH 3 -N-C-(CH 2 ) 5 (CH2) 5 -C-N-CH 3 



15 



20 



is also provided by this invention wherein XI and X2 may 
xndependently be the same or different and each is N(C H 3 J 
NH-phenyl, or hnch 3 . 3 ' 2 ' 



H3 f jj 0 CH3 

OH-N-C-(CH 2 ) 6 -C-N-OH 



or a compound having the structure: 

25 

jj Rl R2 o 

2 ( (CH3 ) 2-N-C) -C- (CH2) n-C- (C-N- (CH3 ) 2) ) 2 

wherein Rl and R2 may be the same or different and each is 
30 H or a lower alkyl group and n is an integer from 1 to 10. 



35 
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15 



This invention further provides a compound having the 
structure: 



?3 R4 
R2-p 0 0 ?I-R5 

Rl-N-i— (X) n— &-N-R6 



wherein Rl, R2, R3, R4, R5, R6 may independently be the same 
or different from each other and is H or a lower alkyl 
group; wherein x is methyl or phenyl; and n is an integer 
from l to about 15. 



A compound having the structure: 



R.-N— N-R. 

20 C «3 © /°\ O CH3 

CH 3 -N-C-(CH 2 ) 5 (CH 2 ) 5 -C-N-CH 3 



25 is also provided by this invention wherein Rl and R2 may be 
the same or different and is H or CH3. 



30 



35 
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The invention also provides a compound having the structure: 

,HC CH. 

I r 




10 CH3- N — C-(CH2)S (CH2) 5-C-H-CH3 

I I M 

CM 0 0 CH3 

wherein R, and may be the same or different and is H or 
CHj. 

15 

A compound having the structure: 



R. o OR, 
r || II r 

HO-N - C -X - C - N - OH 

20 



is provided by this invention, wherein X has the structure: 

-CH=CH— CH=CH- , 



-C«C CmC~, 



— Q-O-C-, 



3Q - ■ - v * -CH=CH- 



CI W H 
^»C - c' 



^CHj 



35 
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-CH2— CH2- , 

or 




wherein R, and Rj are the same or different and is H or lower 
alkyl group. 

Further provided by this invention is a compound having the 
structure: 



15 



ch 3 



\ // 

: C c 

\ /\ 



O Rl 
(CH 2 ) n-C-N-R3 



20 



N C (CH 2 )n-C-N-R4 

I U II I 

CH3 0 O R2 



wherein Rl and Rl may independently be the same or different 
25 and each may be H or a lower alkyl group; wherein R3 and R4 
may independently be the same or different and each may be 
CH3 or OH; and wherein n is 5 or 6. 

A compound having the structure: ri 

c«o 

(CH3) 2-N-C-(CH2) 6-C- (CH2) 6-C-N- (CH3 ) 2 

c=o 

L 

35 
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is also provided by this invention, wherein R, and Rj is the 
same or different and is hydrogen, lower alkyl, alkenyl, 
alkynyl, an amide or hydroxyamide. 

5 

This invention further provides a compounds having the 
following structures: 



10 

and 

15 



^^-N (CH3 ) -CO- (CH2) 5-CO-N ( CH3 ) — 



20 

also, 

25 



H5C2-0 0-C2H5 

0»C^ OO 

^^.C 

HO-NH-CO- (CH2 ) 5 (CH2) 5-CO-NH-OH 



N(CH3 ) -CO— (CH2 ) 5— CO-N (CH3 ) 



30 



35 
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and a compound having the structure: 
C2H5 H 



5 




o«c «^ .,C*0 
2 ( CH3 ) N-CO- ( CH2 ) 5— C-^CH2 ) 5-CO-N (CH3) 2 

10 

The invention also concerns a method of selectively inducing 
terminal differentiation of neoplastic cells and thereby 
inhibiting proliferation of such cells which comprises 
ig contacting the cells under suitable condition with an amount 
of the compound effective to selectively induce terminal 
differentiation. 



Moreover, the invention provides a method of treating a 
2Q patient having a tumor characterized by proliferation of 
neoplastic cells which comprises administering to the 
patient an amount of the compound effective to selectively 
induce terminal differentiation of such neoplastic cells, 
thereby inhibiting their proliferation, and suppressing 
2 5 oncogenicity. 



Lastly, the present invention provides a pharmaceutical 
composition comprising a pharmaceutically acceptable carrier 
and the compound in an amount less than an amount which 
30 cause toxicity in the patient. 



35 
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Brief Description of the Figures 

Zignrs_l: Comparison of the hybrid polar/apolar compounds, 
(A) hexamethylene bisacetamide (HMBA) ; (B) 
suberic acid bis-N-methyl diacetamide (SBDA) ; and 
(C) bis-hexamethylene triacetamide (BHTA) as 
inducers of differentiation of vincristine- 

1Q sensitive (745A-DS19) (•) and vincristine- 

resistant (VCR.C(2) 15) (a) MELC for HMBA and 
SBDA and (V3.17) for BHTA. Each compound was 
added to the cells in culture at the final 
concentration indicated. Benzidine reactive 

15 cells (left panel of each section of this figure) 

were determined after 4 d. of culture and 
commitment (right panel of each section of this 
figure) after 2 d. of culture. 

20 £l2flE£_2: Concentration dependent curves of inducer 
activity of compound IZ with vincristine- 
sensitive (745A-DS19) (•) and vincristine- 
resistant (VCR.C(2)15) (a) MELC. The compound 
was added to the cultures at the final 

25 concentrations indicated. Benzidine reactive 

cells were determined after 5 d. in culture and 
commitment after 2 d. of culture. 

£ig!JE£_3: Optimal concentration of IC-135 for inducement of 
30 terminal differentiation. 

Figure 4; Comparison of HMBA and IC-135 on DS19 cells. 



35 



Figure 5ft 

fr n< 3 B: Comparison of % cell committed for HMBA and IC- 
135 on V3.17 and DS19 cell lines. 
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Figure 

6 ft and B : Comparison of B+% for HMBA and IC-135 on V3.17 
and DS19 cell lines. 



10 



15 



20 



25 



30 



35 
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Detailed Description of the Invention 

The invention provides a class of compounds having the 
5 structure: 



[R-A] -B-A,-B r C V V3. t W3 bC V»i 3 

10 

wherein each A, A,, Aj, Aj, and A 4 represent a polar group 
which comprises a nitrogen, sulfur or oxygen atom and 
wherein each of A, A 1f Aj, Aj, and A 4 may independently be 
the same as, or different from, the others of A, A,, Aj, A,, 
15 and A 4 ; 

wherein each of R and R, is a hydrogen atom; a lower alkyl, 
alkenyl, or alkynyl group; or a group having the structure: 



-N 
I 

25 wherein each of Rg and Rj being a hydrogen atom or a lower 
alkyl, alkenyl, or alkynyl group; and wherein each of R, R 1 , 
Rj and R3 may independently be the same as, or different 
from, the others of R, R 1 , 1^ and Rj,- 

30 wherein each of [R-A] and [A 4 -R 1 ] have a dipolar moment 
greater than about 2.7 Debye units; 

wherein each of B, B,, B^ and Bj represents a nonpolar 
group which comprises at least 4 atoms in a chain, the 
35 termini of which chains are attached to A and A,, A, and A^ 
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10 



15 



20 



25 



30 



Aj and Aj, and Aj and A 4 , respectively; wherein each such 
atom is oxygen, nitrogen, carbon, or sulfur and wherein each 
of B, B u B 2 , and B3 may independently be the same as, or 
different from the others of B, B,, Bj, and Bj,* 

and wherein each of a and b is independently 0 or l. 

The compounds of the present invention are made up of two 
components. One component comprises a polar group, i.e. 
functional groups with significant dipole moments, such as 
amides, sulfoxides, amine oxides and related functional 
groups . 

The terminal portions of the compound, represented by R-A 
and A^-R,, each have dipole moments greater than about 2.7 
debye units. The polar groups within the compound, 
represented by -A 1 , -Aj- and -A3-, have significant dipolar 
moments but not necessarily in excess of 2.7 debye units. 
In the preferred embodiments, the polar groups are carbonyl 
radicals or bivalent radicals of an amide, a sulfoxide or a 
amine oxide. Each polar group need not necessarily be the 
same as the other polar groups. In the most preferred 
embodiments, the poplar groups within the compound are the 
same as each other and the terminal polar groups are the 
same. Preferably, all the polar groups are amide groups 
attached to the compound at the nitrogen atom or at the 
carbon atom of the carbonyl radical. The amide group may 
comprise one or more hydrocarbon substituents , such as a 
lower alkyl or alkenyl groups, including branched or 
unbranched groups. The term "lower alkyl or alkenyl group" 
is intended to include saturated and unsaturated hydrocarbon 
groups with 1 to about 5 carbon atoms. 



35 
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The embodiments where a and b are 0 and A is a carbonyl 
radical or a group having the structure: 

5 

-N- 
I 

c=o 

I 

10 wherein R 4 is a hydrogen atom or a lower alkyl or alkenyl 
group, have proven to be most useful embodiments to date. 

Particularly preferred are compounds where a and b are o, A 
is a carbonyl radical and R has the structure: 

15 



-N 
I 



20 



25 



30 



35 



wherein Rj and Rj each is hydrogen atom, a methyl group or 
a ethyl group. 

The compound also requires at least two nonpolar sections, 
designated B and B 1f which are attached to and connect polar 
groups* Additional nonpolar sections may also be present, 
e.g. when a is 1 and Bj when b is 1. The nonpolar 
sections may comprise linear saturated hydrocarbon chains, 
linear unsaturated hydrocarbon chains containing one or more 
double or triple bonds, or saturated or unsaturated 
hydrocarbon chains containing one or more lower alkyl or 
alkenyl groups or small carbocyclic rings as substituents . 
In one of the preferred embodiments, the nonpolar groups are 
hydrocarbon chains comprising 4 to 7 methylene groups, 
especially preferred are hydrocarbon chains containing 6 
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19 

carbon atoms. 



Some of the preferred compounds for the practice of the 
present invention are those having the structures: 



H-N-(CH 2 ) 6 -N-(CH 2 ) 6 -N-H 

c=o c=o c=o 

CH, CHj CH, 



0 0 0 

15 «, » « n 

Cl^-N-C- (CH 2 ) 6 -C- ( CH 2 ) ^-c-N-CH, 
CH3 CH 3 



20 

CH,CH,0 O 

^ • \ // 

o c o 

li I II 

(CH3 ) 2 -N-C- (CH2 ) 5 -C-(CH2) ,-C-N- (CH3) 2 
O ^ ^ OCHjCHj 



30 



35 
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OHO 

, II 1 II 

(CHj) 2 -N-C- (CHj) 5 -C- (CHj) 5-C-N- (CHj) 2 

C=0 
I 

N-(CHj) 2 



10 




25 



or 



oo o 

ii ii it 

R-N-C- ( CH ) -C-NR- ( CH. ) -C-N-R 
, X 2 X , 

R R 



30 wherein R is hydrogen or a methyl group and x is 5 or 6. 



35 
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Other compounds of this invention include a compound having 
the structure: 



10 



i 

(CH 3 ) 2 N-g - (CH 2 ) 5 (CH 2 ) 5 - g-M(CH 3 ) 2 



15 



or a compound having the structure: 



20 



O 



25 



CH 3 -N-C-(CH 2 ) 3 - 
O 



0 

II 

(CH 2 ) 3 -C-N-CH 3 
0 



30 



wherein Rl and R2 may be the same or different and each is 
a lower alkyl group. 
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Also provided by this invention is a compound having the 
structure: 



10 



15 



CH3-N 



-CH, 




(CH 2 ) 5 -C-N-(CH 3 ) 2 
O 



wherein R is H or a lower alkyl group. 



20 



This invention further provides a compound having the 
structure: 



25 



wherein n is an integer which is greater than 1 and and 
may be the same or different and each is H or a lower 
alkyl group. 



35 
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A compound having the structure: 



10 



15 



20 



25 



XI X2 
I I 

o=c c=o 

CH 3 CH3 

CH3-H-C- (CH 2 ) 5 (CH 2 ) s-C-N-CHj 
O O 



is also provided by this invention wherein XI and X2 may 
independently be the same or different and each is N(CI^) 2/ 
NH-phenyl, or HNCH 3 . 

This invention also provides a compound having the 
structure: 



H3C 0 0 CH3 

OH-N- Jj- ( CHj ) 6 -C-N-OH 

or a compound having the structure: 

0 Rl R2 O 

2 ( (CH3) 2-N-C) -C- (CH2) n-C- (C-N- (CH3 ) 2) ) 2 

wherein Rl and R2 may be the same or different and each is 
30 H or a lower alkyl group; 

and n is an integer from 1 to 10. 



35 
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This invention further provides a compound having the 
structure: 

5 

ft § N-R5 

Rl-N-C— (X) n— C-N-R6 

wherein Rl, R2, R3, R4, R5, R6 may independently be the same 
10 or different from each other and is H or a lower alkyl 
group; 

wherein X is methyl or phenyl; and 
15 n is an integer from 1 to about 15. 
A compound having the structure: 



20 V N N-R, 

c 

CH, O / \ O CH3 

f II / \ II I 
25 CI^-N-C- (CHj) 5 (d^Jj-C-N-CHj 



is also provided by this invention wherein Rl and R2 may be 
the same or different and is H or CH3. 

30 
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The invention also provides a compound having the structure: 



-hc at 

I I 



"«1 

111 



10 




CH3- M — C-(CH2)5 

I » 

GM3 0 



(CH2) S-C-N-CH3 
0 CHS 



15 



wherein R, and may be the same or different and is H or 
CH 3 . 

A compound having the structure: 



20 



f 1 ?» % * 

HO-N - C -X - C - N - OH 



is provided by this invention, wherein X has the structure: 
-CH=CH— £^-CH«CH- , 



25 



30 




-CH2 



— Q-CH2- , 



or 



CH»CH- 



— CH H 

= c 



-CH-CH-CH-CH-; 
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wherein R, and Rj are the sane or different and is H or lower 
alkyl group. 

Further provided by this invention is a compound having the 
structure: 



15 



o»c 



\ // 
/-\ / 

: c 

\ /\ 



O Rl 

// / 
(CH 2 )n-C-N-R3 



20 



N C ( CH, ) n-C-N-R4 

I II II I 

CH3 0 O R2 



wherein Rl and Rl may independently be the same or different 
and each may be H or a lower alkyl group; wherein R3 and R4 
may independently be the same or different and each may be 
CH3 or OH; and wherein n is 5 or 6. 
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A compound having the structure: R1 

c=o 

(C3J3 ) 2-N-C- (CH2 ) 6-C- (CH2) 6-C-N- (CH3 ) 2 

c=o 

L 



40 is also provided by this invention, wherein R, and Rj is the 
same or different and is hydrogen, lower alkyl, alkenyl, 
alkynyl, an amide or hydroxyamide. 

15 ThiS invention farther provides a compounds having the 
following structures: 

^^-H (CH3 ) -CO- (CH2 ) 5-CO-N (CH3 ) — 

20 • 
and 



H5C2-0 0-C2H5 
25 I | 

o=c c=o 



\/ 



c 

HO-NH-CO- (012^5 (CH2) 5-CO-NH-OH 

30 



also, 



N (CH3 ) -CO— (CH2 ) 5— CO-N (CH3 ) 
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and a compound having the structure: 
C2H5 H 



o=c ^ c=o 

2 ( CH3 ) N-CO- ( CH2 ) 5— C-"(CH2 ) 5-CO-N ( CH3 ) 2 

The invention also concerns a method of selectively inducing 
terminal differentiation of neoplastic cells and thereby 
inhibiting proliferation of such cells which comprises 
contacting the cells under suitable conditions with an 
amount of the compounds shown above effective to selectively 
induce terminal differentiation in the cells. 

A method of selectively inducing terminal differentiation of 
neoplastic cells and thereby inhibiting proliferation of 
such cells is further provided by this invention which 
comprises contacting the cells under suitable conditions 
with an amount of a compound effective to selectively induce 
terminal differentiation, the compound having the structure: 

25 O O 

HOHN-'N x ) n ^ N HOH 

wherein X is phenyl or methyl and n is an integer from 1 to 
15. 

The contacting must be performed continuously for a 
prolonged period of time, i.e. for at least 48 hours, 
preferably for about 4-5 days or longer. 
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The method may be practiced jji vivo or in vitro . if the 
method is practiced in vitro , contacting may be effected by 
incubating the cells with the compound. The concentration 
of the compound in contact with the cells should be from 
about 1 [M to abount 25 mM, preferably from about 4 nw. to 
about 5 mM. 



However, for the compound having the structure: 

10 

HO-NH-C- ( CH2 ) 4— C-NH-OH 

II II 

0 O 



an amount of about 0.01 mM to about 10 mM has been shown to 
be effective. 



The concentration depends upon the individual compound. For 
example, compound 12 of Table 1 should have a concentration 
from about 0.1 to about 2 mM, preferably from about 0.5 to 
about 0.7 mM. However, for. the compounds listed in Table 4, 
the optimal concentration is as low as 5/iM to about 5 mM. 
Another factor determining the preferable range is the state 
25 of the tumor cells. Thus, in cells which have low levels of 
vincristine resistance, the range of effective concentration 
of compound 12 from Table 1 is from about 0.01 to about 0.3 
mM with a preferable range of about 0.05 to about 0.1 mM. 

30 The invention a l so concerns a method of treating a patient 
having a tumor characterized by proliferation of neoplastic 
cells which comprises administering to the patient an amount 
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of the compounds shown above, or with a compound having the 
structure: 



10 



15 



20 



25 



30 



35 



o o 

HOHN^C x ) n ^NHOH 



wherein X is phenyl or methyl and n is an integer from 1 to 
15 , effective to selectively induce terminal differentiation 
of such neoplastic cells thereby inhibiting their 
proliferation, and suppressing oncogenicity. 

The method of the present invention is intended for the 
treatment of human patients with tumors. However, it is 
also likely that the method would be effective in the 
treatment of tumors in other animals. The term tumor is 
intended to include any cancer caused by the proliferation 
of neoplastic cells, such as lung cancer, acute lymphoid 
myeloma, bladder melanoma, renal carcinoma, breast 
carcinoma, or colorectal carcinoma. The administration of 
the compound to the patient may be effected orally or 
parenterally. To date, administration intravenously has 
proven to be effective. The administration of the compound 
must be performed continuously for a prolonged period of 
time, such as for at least 3 days preferably more than 5 
days. In the most preferred embodiments, the administration 
is effected continuously for at least 10 days and is 
repeated at intervals wherein at each interval the 
administration is continuously effected for at least 10 
days. For example, the administration may be effected at 
intervals as short as 5-10 days, up to about 25-35 days and 
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10 



15 



continuously for at least 10 days during each such interval. 
The optimal interval period will vary depending on the type 
of patient and tumor. For example, in the incidence of 
acute leukemia, the so called myelodysplastic syndrome, 
continuous infusion would seem to be indicated so long as 
the patient tolerated the drug without toxicity and there 
was a positive response. 

The amount of the compound administered to the patient is 
less than an amount which would cause toxicity in the 
patient, in the certain embodiments, wherein the compounds 
have the structures: 



CHjCHjO. o 

o C o 

(CH,) 2 -N-C- (CH,) s -i- (CH,) ,-c-N- (CH,) . 

20 0 ^OCHjCH, 



25 



OHO 
(CH,) 2-N-C- (CH 2 ) 5-C- (CH 2 ) ,-C-N- (CH,) 2 

c=o 

I 

N-(CH3) 2 



30 



or 



35 



H-N- (CH2 ) -N-(CH-,).-N-H 
I I I 

c=o c=o c=o 

I I I 

CH, CH, CH, 
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the amount of the compound which is administered to the 
patient is less than the amount which causes a concentration 
of the compound in the patient's plasma to equal or exceed 

5 the toxic . level of the compound. Preferably, the 
concentration of the compound in the patient f s plasma is 
maintained at about 1.0 mM. It has been found with HMBA, 
that administration of the compound in an amount from about 
5 gm/m 2 /day to about 30 gm/m 2 /day, particularly about 20 

10 gm/m 2 /day, is effective without producing toxicity in the 
patient. For the compound shown above, in vitro studies 
have shown that the optimal amount of the compounds is 
substantially lower than 30 gm/m 2 /<iay, and may even be lower 
than 1 gm/u^/day. The optimal amount of the compound which 

15 should be administered to the patient in the practice of the 
present invention will depend on the particular compound 
used and the type of cancer being treated. 

This invention, in addition to the above listed compounds, 
20 is intended to encompass the use of homologs and analogs of 
such compounds. In this context, homologs are molecules 
having substantial structural similarities to the above- 
described compounds and analogs are molecules having 
substantial biological similarities regardless of structural 

25 

similarities. 

The invention also concerns a pharmaceutical composition 
comprising a pharmaceutical^ acceptable carrier, such as 
sterile pyrogen-free water, and any of the compounds listed 
above in an amount less than an amount which if administered 
intravenously or orally to a patient would cause the 
patients blood plasma concentration of the compound to 
exceed toxic levels. 
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The invention is illustrated in the Experimental Detail 
section which follows. This section is set forth to aid in 
an understanding of the invention but is not intended to, 
b and should not be construed to, limit in any way the 
invention as set forth in the claims which follow 
thereafter. 

Experimental Petal la 

10 Methods 

Cells and M»»« r f^ f 

MELC 745A-DS19 cells and the variants of MELC derived from 
this cell line, namely, the vincristine-resistant MELC V3.17 
and VCR. c (2) 15 cell lines (26), and the dimethyl sulf oxide- 
resistant cell line, DR10 (37), were maintained in alpha 
minimal essential medium containing 10% fetal calf serum 
(16) . Cell cultures for all experiments were initiated with 

^ cells in logarithmic growth phase (day 2 cultured cells) at 
a density of 10 s cells/ml. Inducer compounds were added in 
the final concentrations indicated below, dissolved in 
culture medium without fetal calf serum unless otherwise 
indicated. Cell density and benzidine reactively were 

2g determined as described (16) . 

Commitment to terminal differentiation, characterized by 
limited cell division (colony size <32 cells) and 
accumulation of hemoglobin (be nz^dine reactive colonies) was 
3Q assayed by a colony cloning assay using 2% methylcellulose 
as described (25) . 
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Tabl* 2 

24h 48h I20h commitment 





ctll 

count 


8+ 


call 

count 


B+ 


ctll 

count 


B+ 


24h 


48h 


tWoA 1 on 

5 


UO 19 


0.4 


0-1 


1.0 


0-1 


3.0 

8 

XlO* 




O— 1 


6-8 




V 3 17 


0.38 


8-9 


0.8 


33% 
» ^ ^ 






^ a* 


j ^ t> 
43* 


2 BH 




0.42 


0-1 


0.9 


0-1 




0*0 


o-i 


71% 




V 3 17 


0.4 


7-9 


0.8 


72% 




80* 


to* 


791 


3 mM 

10 


Do 19 


0.4 


0-1 


0.9 


2% 




0«f 


A.I 

0-1 


81* 




V 3 17 


0.3 


9-10 


0.4 






911 


"7*7 * 

771 


941 


4 U 


0S19 


V • w 


0-1 


0 ft 


1 1 * 




941 


4% 


92% 




V 3 17 


0.28 


9-13 


0.4 


sat 




901 


O A % 

001 


991 


15 5 ** 


US 19 


0.23 


0-1 


0.5 


14% 




08* 
^00 


£* 
O0 


901 




V 3 17 


0.22 


9*14 


0.5 






jf3J0 


At* 
031 


991 


1C— 135 1 AA 


US 19 


0.3 


0-1 


0.6 


0-1 




"m* 
091 


O— 1 


711 


*v 2 BH 


V 3 17 


0.3 


8-9 


0.6 


83% 




8Q* 


del 


d a % 
891 


US19 


0.3 


0-1 


0^5 

* 


W— 4 




^O* 


1—2 


871 




V 3 17 


0.29 


7-6 


0.4 


88% 

OOf 




44* 


*7 Af> 

/ U0 


951 


3 mM 


DS19 


0.27 


0-1 


0.4 


0-1 




86% 


5-4 


911 




V 3 17 


0.12 


8-6 i 


0.3 


89% 




96% 


76% 


97% 


DS19 


0.13 


0-1 | 


0.2 


0-1 




78% 


2-1 


79% 




V 3 17 


0.18 


6-8 


0.19 


34% 




79% 


44% 


81% 


5 mM 


DS19 


0.12 


0 


0.13 


0-1 






8% 




30 




0.12 


8-11 


0.12 


0-1 


0.3 


mm 


0-1 




CONTROL 


0.4 


5-9 


1.0 


0.1 


3.1xlO C 


0-1 


0-1 


0-1 



IC-135 50 mM Stock. 40 X — ImM 

200 X — 5BM 



HMBA 200 mM StocJc 10 1 — ImM 
, R 50 X — 5mM. 
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Tabla 3 

TESTIMG OF IC-135 OM DIFFERENT 
MELC LINES 

5th Day 



DS-lO 


1st 

Day 


2nd 
Day 


Call 

Count 


5$h (5 day 

B . commitment) 


Control 


0.38 


1.1 


2.8 


0-1 


0-1 


5 bM HMBA 


0.2 


0.5 


2.0 


91-90 


88-88 


0.5 bM IC-135 


0.38 


1 


2.1 
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31-28 
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0.33 


0.8 


1.4 


72-74 
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0.31 
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1.3 
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0.4 


1.0 
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2nd 
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5th 5th day 
B commitment) 
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0.5 bM IC-135 
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0.41 
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0-2 
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0.40 




88-86 


1-3 
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chemistry 

HMBA, compound 1 of Table 1, (9) was obtained from Aldrich 
5 Chemical Co. 

The preparation and characterization of compounds l, 2, 6, 
2, 8 and 2 of Table 1 (9,27) was previously described. All 
new amides were purified by chromatography on alumina with 

0 5% methanol in methylene chloride, and were judged pure by 
thin layer chromatography (single spot) and 'h nmr 
spectroscopy. Final products were characterized by 'h nmr, 
infrared, and CI mass spectroscopy, while intermediates were 
characterized by 'h NMR spectra. The data were consistent 

3 with the assigned structures (expected infrared and NMR 
signals, M + l mass spectra) . 



20 



25 



30 



35 



For the synthesis of compound 2 (Table l) , the known 3- 
methyl-i,5-dibromopentane (38) was converted to the bis- 
phthalimide derivative, and this was cleaved with hydrazine 
to afford 3-methyl-l,5-diaminopentane, isolated as the 
dihydrochloride (m.p. 123-126*) . This was converted to 
compound 2 with acetic anhydride and triethylamine in 
dioxane. 

Compound ± (Table 1) (m.p. 67-68*) was obtained in 
quantitative yield by similar acetylation of commerically 
available 2-methyl-i , 5-diaminopentane . 

Compound £ (Table l) was synthesized from meso-2,3- 
dimethylsuccinic acid in six steps. Reduction of the 
dimethyl ester with LiAlH 4 afforded the meso-2,3- 
dimethylbutanediol (92% yield) . This was converted to the 
bis-tosylate, and then to the bis-phtalimide. Deprotection 
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and acetylation as before gave compound 1 as an oil (61% 
yield from the diol) . 

Compound ifi (Table 1) was prepared by making a solution of 
19.8gm commercial bis-hexamethylenetriamine in 500 ml of 
1,4-dioxane at room temperature under argon. Then 44.8 ml. 
of triethylamine was added, and 20.3 ml. of acetyl chloride 
was slowly added with stirring. After two hours of stirring 
at room temperature the triethylamine hydrochloride was 
removed by filtration and the filtrate was concentrated in 
vacuo. The product triacetyl compound was isolated as a 
clear viscous oil at about 90% yield by chromatography on 
basic alumina using i s op r op an o 1 / e t hy 1 
acetate/dichloromethane in the ratio 2/3/5. On thin layer 
plates of basic alumina with this solvent mixture the 
product had an of ca. 0.6. 

The mass spectrum (chemical ionization, NH 3 carrier) showed 
peaks at 342 (100%, M + 1) , 227 (10%) and 115 (22%). The 
infrared spectrum (thin film on NaCl) had bands at 3288, 
2931, 2858, 1627, 1560, 1437, 1373, and 1292 cm" 1 . In the 
proton NMR (CDC1 3 ) the acetyl groups appeared at 6.10 as a 
broad signal, while the methylene protons appeared as 
multiples with the expected intensities in the regions of 
3.12 to 3.30 and 1.21 to 1.54. 

H-N- (CH 2 ) 6 -N- CCH 2 ) 6 -N-H 

0=0 c=o c=o 

I I I 

CHj CHj CBj 

bis-Hexamethylenetriacetamide (IC-135) 



35 For preparation of the triamide compound H (Table l) , 
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dimethyl aalonate was dialkylated with ethyl 6- 
broaohexanoate under standard conditions. The resulting 
tetraester was then hydrolyzed and theraally 
aonodecarboxylated to 1,7,13-tridecanetricarboxylic acid. 
Treataent with thionyl chloride followed by diethylaaine 
afforded compound H (Table 1) . 

Coapound 12. (Table 1) was prepared by simple dialkylation of 
diaethyl aalonate with the know N,N' -dimethyl-6- 
broaohexanecarboxaaide (39) . 

The coapound having the structure: 

0 




20 (CH^-C^CH,), iCH 2 ) 5 -C-N(CH 5 ) 2 

0 J 
was aade as follows. 1,3-diaethylbarbituric acid (5g; 0.032 
aol) in DMF (100 al) was slowly added to a suspension of 
sodiua hydride (l.5g; 0.064 aol) in DMF (300 al) . The 
suspension was stirred at 80'C for five hours. N,N-Diaethyl 
6-broaohexanoylaaide (14.3 g; 0.064 aol) in DMF (100 al) was 
added to the cool suspension with stirring. The resulting 
suspension was stirred at 120 'C overnight. The DMF was 
evaporated and the residue was partitioned between 
chlorofora and water (100-100 al) . The chloroform layer was 
separated, and the water layer was extracted with chlorofora 
(5 x 50 ml) . The combined chloroform layers were dried over 
anhydrous magnesium sulfate, and evaporated. The oily 
residue was purified by coluan chroaatography on silica gel 
35 in ethyl acetate-tetrahydrofuran (2:1). The yield of 1,3- 



WO 91/00257 



PCT/US90/02690 



40 

dimethyl-5 , 5-di (N, N-dimethyl-5-pentylcaboxamide) barbituric 
acid was 4.1 g (30%) . 

5 *H NMR (CDClj, 200 MHz) *3.33(s, bar, N-CH3,6H) f 2.98 (s, N- 
CH3, 6H), 2.93 (s, N-CH3 , 6H) , 2.24 (t, J-7 Hz, CH2CON, 4H) , 
1.96 (m, 4H), 1.58 (m, 4H) , 1.28 (m, 4H) , 1.08 (m, 4H) . 

The compound having the structure: 



was made as follows. Diethyl malonate (50.6 ml; 53.3 g; 
0.33 mol) in DMF (150 ml) was added slowly to a cool 
suspension of sodium hydride (16 g; 0.67 mol) in DMF (l 
liter) . The suspension was carefully heated with stirring 
at 80* C (about one hour) . The clear mixture was cooled, 
and N,N-dimethyl 6-bromohexanoylamide (146.5 g; 0.66 mol) in 
DMF (200 ml) was slowly added at room temperature. The 
suspension was stirred at 110 *C for two hours, and the DMF 
was evaporated. The semisolid residue was partitioned 
between chloroform and water (about 200-200 ml) . The 
organic layer was separated, and the water layer was 
extracted with chloroform (5 x 100 ml) . The combined 
chloroform layers were dried over anhydrous magnesium 
sulfated and evaporated. The oily residue was purified by 
column chromatography on silica gel in ethyl acetate- 
tetrahydrofuran (4:1). The yield of diethyl undecane-6,6- 
di (ethylcarboxylate) -l, ll-di (N,N-dimethlycarboxamide) was 
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106 g (76%). 

1 H-NMR ( CDC1 3 , 200 MHz) «4.11(q, J-7.0 Hz, 4H) , 2.96 
5 (t,J«7.5Hz, 1H), 2.89(S,6H), 2.25(t, J=7.2Hz, 4H) , 1.88 (m, 
4H), 1.59 (m, 4H), 1.16-1.31 (m,14H). 

IR (NaCl, CH2C12) 2937, 2866, 1728, 1642, 1498, 1462, 1399, 
1369, 1265, 1153, 1097, 1029 cm' 1 . 

10 

MS (FAB, glycerol) m/e=443 (40%, M+l*) , 398 (25%), 295 
(80%), 142 (45%). 

The compound having the structure: 

15 



20 




was made as follows . 1,3,5, -trimethylbarbituric acid ( 1 . 7g ; 

2g 10 mmol) in DMF (20ml) was added at room temperature to a 
suspension of sodium hydride (0.24 g; 10 mmol) in DMF (100 
ml) . The suspension was stirred at 90 'C for one hour. N,N- 
Dimethyl 6-bromohexanoylamide (2.22 g; 10 rnrnoi) in DMF (20 
ml) was added to a cool mixture (about 5*C) . The suspension 

3Q was stirred at 110 *C overnight. DMF was evaporated, and the 
residue was partitioned between chloroform and water (50-50 
ml) . The chloroform layer was separated, and the water 
layer was extracted with chloroform. The combined 
chloroform layers were dried over anhydrous magnesium 

35 sulfate and evaporated. The oily residue was purified by 
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column chromatography on silica gel in ethyl acetate- 

tetrahydrofuran. The yield of 1, 3 -dimethyl -5-me thy 1-5- (5- 

pentyl-N,N-dimethylcarboxamide) barbituric acid was 1.5 
5 g(48%). 

% NMR (CDCI3, 200MHz) 53.23(8, bar.H, N-CH3,6H), 2.99 (s, 
N-CH3, 3H), 2.94 (s, N-CH3 , 3H) , 2.26 (t, J=7.2 Hz, CH2C0N, 
2H), 1.98 (m f 2H), 1.62 (m, 2H) , 1.52 (m, C-Me, 3H) , 1.32 
0 (m, 2H), 1.11 (m, 2H) . 

The compounds having the structure: 



20 




were made as follows. 1,3,5-trimethylbarbituric acid (0.71 
g; 0.029 mol)in MF (10 ml) was added to a suspension of 

2g sodium hydride (0.71g; 0.029 mol) in DMF (20 ml). The 
suspension was stirred at 80 *C for one hour. l,n- 
dibromoalkane (0.0147 mol) was added to a cool suspension 
(about 5*C). The reaction mixture was heated at 110* C for 
four hours, cooled down and evaporated. The solid residue 

^ was slurried in water (about 200 ml), filtered, and the 
white solid was washed with water (3 x 5 ml) , ethanol (3 x 
20 ml) , and ether (2 x 20 ml) . The yield of dibarbiruric 
acids were for: n-3, 75%; n=4, 78%; n-5, 71%; n=6, 79%; n=7, 
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1 H NMR for the compound with n=2 (CDC1 3 , 200 MHz) *3.32(s, 
N-CH3, 12H), 1.86 (s,CH2,4H), 1.47 (s, C-CH3,6H). 

5 The compounds having the structure: 



10 



15 



20 



25 



30 




35 



were made as follows. When XI and X2 are the same and each 
is HNCH3, aqueous (10 ml) potassium hydroxide (1.53 g; 27.5 
mmol) was added to the diamidebarbituric acid (2.4 g; 5.5 
mmol) in water (50 ml) . The mixture was stirred at 70* c 
for fifteen minutes, cooled, filtered, acidified, and 
extracted by chloroform (5 x 20 ml) . The combined 
chloroform extracts were dried over anhydrous magnesium 
sulfate and evaporated to the oily residue. By the NMR, 
hexamethylamide was more than 96% pure. The yield of 

undecane-l,n-di-(N,N-dimethylcarboxamide)-6,6-di(N- 
methylcarboxamide) was 2.1 g (93%). 

1 H NMR (CDCl,, 200 MHZ) 57.38 (q, J= 8 Hz), 3.03 (s, N- 
CH3,6H), 2.94 (s,N-CH3 , 6H) , 2.8 (d, J=8 Hz, N-CH3,6H), 2.32 
(t, J-7.2 Hz , CH2CON, 4H) , 2.82 (m, 4H) , 2.62 (m, 4H) , 1.25 
(m, 8H). 

When XI and X2 are the same and each is N(CH3)2, the 
hexamethylamide (2 g; 4.9 mol) in DMF (10 ml) was added at 
room temperature to a suspension of sodium hydride (0.24 g; 
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0.01 mol) in DMF (20 ml). The mixture was stirred at 80'C 
for one hour. Methyl iodide (3.5 ml; 8 g; 56 mmol) was 
added with stirring to the cool reaction mixture. The 
5 reaction was continued at 60 *C overnight. The solvent was 
evaporated and the solid residue was dissolved in water (50 
ml) and the water solution was extracted with 8:2 
chloroform-methanol (5 x 50 ml) . The combined organic 
layers were dissolved in acetone (200 ml) and filtered 
10 through a short column of silica gel. Acetone was 
evaporated yielding pure undecane-1 ,6,6, ll-tetra- (N,N- 
dimethylcarboxamide) (1.36 g; 63%). 

1 H NMR (CDC1 3 ) 52.99 (s, N-CH3, 6H) , 2.94 (s, N-CH3, 6H) , 
15 2.92 (s, N-CH3, 6H) , 2.88 (s, N-CH3, 6H) , 2.28 (t, J=7.2 Hz, 
CH2CON, 4H), 1.86 (m, 4H) , 1.62 (m, 4H) , 1.32 (m, 8H) . 

The compounds having the structure: 

20 

H 0 Rl R2 OH 

I II I I I' 1 

2((CH3) -N-C) -C- (CH2) n-C- (C-N- (CH3 ) )2 



wherein n is an integer from 1 to 15 are made as follows. 
A dibarbituric acid (3.66 g; 0.01 mol for n = 2) was 
suspended in 9:1 water-dioxane (60 ml) and heated up to 
100 *C. To this suspension was added at 110 # C a solution of 
potassium hydroxide (5.6 g; 0.1 mol/20 ml water for n=2) . 
The suspension immediately became a solution. The solution 
was heated at 110 # C for an extra 10 minutes, cooled down, 
filtered, and acidified. The clear water solution was 
extracted with chloroform (10 x 50 ml) . The combined 
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5 



10 



20 



35 



chloroform extracts were dried over anhydrous magnesium 
sulfate, and evaporated. The yields of the alkane-l,i,n,n,- 
tetra-(N-methylcarboxamide) were for: n=2, 85%; n»3, 79%; 
n«4, 83%; n-5, 81%; n=6, 74%; n-7, 83%. 

1 H NMR (CDClj, 200 MHz) for compounds having n=2, 57.92 (q, 
J=4.6 Hz, NH-Me, 4H) , 2.85 (d, J-4.6 Hz, N-CH3 , 12H) , 1.85 
(s, CH2, 4H), 1.43 (s, C-CH3, 6H) . 

The compounds having the structure: 



_R3 

16 Rl-N-fe— (X)n— C-1I-R6 



-i-N-c— mn— c-iU 



wherein Rl, R2, R3, R4, R5, R6 may independently be the same 
or different from each other and is H or a lower alkyl 
group; wherein X is methyl or phenyl; and n is an integer 
from 1 to about 15, were made as follows. When Rl and R6 is 
each H and R2, R3, R4, and R5 is each CH3, to a chloroform 
(200 ml) solution of suberoyl chloride (8 g; 38 mmOl) was 
added at room temperature to 1,1-dimethylhydrazine (11.5 ml; 
9.1 g; 152 mmol). The mixture was stirred at room 
25 temperature for about three hours. The solvent was 
evaporated, and the residue was dissolved in methanol (400 
ml) . The methanol was evaporated and the solid residue was 
dissolved in water (100 ml). The water solution was 
extracted with hexanes (5 x 50 ml) , and with chloroform (5 
30 x 50 ml) . The combined extracts were dried over anhydrous 
magnesium sulfate and evaporated. The solid residue was 
crystallized from acetone. The yield of hexane-1, 6-di(N 2 ,N 2 - 
dimethyl-carboxhydrazide) was 6.5 g (66%). 



When Rl, R2, R3, R4, R5, and R6 is each CH3, to a suspension 
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of sodium hydride ( 1.4 g; 57.9 mmol) in DMP (60 ml) at room 
temperature was added tetramethylhydrazide (5 g; 19.3 mmol) 
followed by methyl iodide (31.5 ml; 71.8 g; 579 mmol). The 
reaction mixture was stirred at 60 *C for five hours. The 
DMF was evaporated, and the solid residue was dissolved in 
water (50 ml) and extracted with chloroform (5 x 50 ml). 
The chloroform extracts were dried over anhydrous magnesium 
sulfate and evaporated. The product was purified by 
crystallization from hexanes. The yield of hexane-1,6- 
di(N 1 / N 2 ,2-trimethylcarboxhydrazide) was 3.7 g (67 %) . 

The compounds having the structure: 



15 



20 




CHj-N-C-fCHjJs (CH 2 ) 5 -C-N-CH 3 



may be made as follows. The heterocyclic compounds may be 
alkylated after they are formed from malonic chloride and 
N, N'-dialkylahydrazine. 
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The compounds having the structure: 



5 




/\ 



CM- N — C-(CH2)3 (CH2) 5-C-K-CH3 

I * 0| 
CH3 0 OCH3 

wherein R, and Rj may be the same or different and is H or 
CH 3 may be made as follows. The heterocyclic part of the 
compound may be made from malonic chloride and N^ 1 - 
dealkylethylenediamine. The heterocyclic compound may then 
be alkylated with the corresponding alkyl bromide under 
known conditions. 

The compounds having the structure: 



may be synthesized from the corresponding acid via acidic 
chloride with hydroxylamine hydrochloride in a solution of 
tetrahydrofuran and water. The acid may be made from 1,4- 
benzenediacrylic acid by an addition of bromine, and 
35 following elimination with base. 




25 



and 
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The compound having the structure: 



5 




was made as follows . A suspension of 4-carboxycinnamic acid 
(10 g; 0.052 mol) and thionyl chloride (15.2 ml), 24.8 g; 
0.208 mol) in benzene (500 ml) was refluxed for five hours. 
The solvent was evaporated and the oily residue was 
dissolved in tetrahydrofuran (100 ml) . The tetrahydrofuran 
solution was slowly added at about 5'C to a stirred water 

15 

solution (100 ml) of hydroxylamine hydrochloride (7.3 g; 
0.104 mol) and potassium hydroxide (11.6 g; 0.208 mol). A 
white precipitate was formed immediately. The suspension 
was stirred at room temperature for two hours, and filtered. 

2Q The solid was washed with cooled water (5 x 20 ml) and 
acetone (5 x 20 ml) . The solid was slurried in methanol (3 
liters) , and the suspension was refluxed. The hot 
suspension was filtered. The filtrate was concentrated to 
100 ml and cooled. The white crystals were separated by 

25 filtration, and washed with acetone (3 x 20 ml) and ether (5 
x 20 ml) . The yield of benzene-l-(N-hydroxycarboxamide)-4- 
[trans-ethene-2-(N-hydroxycarboxamide) ] was 5.2 g (45%). 

'H NMR (DMSO-d 6 , 200 MHz) , 11.05 (broad s, OH, 2H) , 9.12 
30 (broad s, NH, 2H) , 7.77 (d, J-8.2 Hz, arom. H, 2H) , 7.62 (d, 
J-8.2 Hz, arom. H, 2H) , 7.47 (d, J«15.8 Hz, CH, 2H) , 6.53 
(d, J-15.8 Hz, CH, 2H). 
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The compound having the structure: 



5 



H O 

HOHN 1. X 

10 OH 



20 



was made as follows. A suspension of trans-B-hydromuconic 
15 acid (5 g; 0.0347 mol), oxalyl chloride (12 ml; 17.6 g; 
0.139 mol) in benzene (250 ml) and a few drops of DMF was 
stirred at room temperature until the reaction suspension 
became clear (about one hour) . The solvent was evaporated, 
and the oily residue was dissolved in tetrahydrofuran (50 
ml). The tetrahydrofuran solution was slowly added into 
cool (about 5'C) aqueous solution of hydroxylamine 
hydrochloride (4.8 g; 0.0694 mol) and potassium hydroxide 
(7.8 g; 0.1388 mol) . The reaction suspension was stirred at 
room temperature for about one hour and evaporated to a 
volume of 20 ml. The suspension was cooled and filtered. 
The crude solid product was slurried in methanol (200 ml) 
and the suspension was cooled and filtered. The filtrate 
was dried over anhydrous magnesium sulfate, and evaporated 
to a solid residue. The solid was slurried in ether (250 
ml) and recovered by filtration. The yield of trans-2- 
butene-i,4-di-(N-hydroxylcarboxamide) was 3.8 g (63%). 

'H NMR (DMSO-d 6 , 200 MHz), i 10.85 (s, OH, 2H) , 9.08 (s, NH, 
3g 2H), 7.11 (d of d, J^U.2 Hz, J2-2.8 Hz, CH, 2H) , 6.17 (d 
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of d, J'«H.4 Hz, ^2.8 HZ). 

The compound having the structure: 

5 



0 H H 

10 



HOH N WSr NHOH 



H H 



was made as follows. A solution of trans, trans-muconic 
acid (5 g; 0.035 mol) , oxalyl chloride (12.3 ml, 17.9 g; 
0.141 mol) and a few drops N,N-dimethyl formamide in benzene 
(250 ml) was stirred at room temperature for three hours. 
The solvent was removed under reduced pressure. The oily 
residue was dissolved in tetrahydrofuran (50 ml) and the 
tetrahydrofuran solution was added dropwise to the stirred 
solution of hydroxylamine hydrochloride (4.9 g; 0.074 mol) 
and potassium hydroxide (7.9 g; 0.141 mol) at about 5*c. A 
white precipitate was formed immediately. The suspension 
was stirred at room temperature for about one hour and 
filtered. The solid was slurried in methanol (2 liters) and 
the suspension then was boiled and filtered. The methanol 
solution was concentrated to a volume of about 20 ml. The 
solid product was separated by filtration and washed with 
ether (5 x 20 ml) . The yield of trans, trans-1, 3-butadiene- 
l,4-(N-hydroxylcarboxamide) was 3.1 g (52%). 
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'H NMR (DMSO-d 6 , 200 MHz) , 10.46 (s, 2H, OH), 8.75 (s, 2H, 
NH), 5.53 (t, J-3.4 Hz, CH, 2H) , 2.70 (d, J=3.4 Hz, 4H, 
CH2) . 

5 

The compound having the structure: 




25 



20 was made as follows. A suspension of 1,4-phenylenediacrylic 
acid (10 g; 0.184 mol) and thionyl chloride (13.4 ml; 21.9 
g; 0.184 mol) in benzene (500 ml) was refluxed for five 
hours. The clear solution was cooled, and the solvent was 
evaporated. The oily residue was dissolved in 

tetrahydrofuran (100 ml) and slowly added into cooled (about 
5'C) aqueous (ioo ml) solution of hydroxylamine 
hydrochloride (6.4 g; 0.092 mol) and potass ium hydroxide 
(10.3 g; 0.184 mol). A white precipitate was formed 
immediately. The suspension was stirred at room temperature 
(two hours) , and filtered. The crude product was slurried 
in boiling water (100 ml), and the suspension was filtered. 
The solid was slurried in acetone (200 ml) and boiled. The 
hot suspension was filtered, and the solid was washed with 
^ acetone (5 x 20 ml) , and then with ether (5 x 20 ml) . The 
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yield of benzene-l,4-di[trans-ethene-2-(N-hydrox- 
ulcarboxamide) ] was 6.2 g (54%). 

5 1 H NMR (DMSO-d 6 , 200 Hz) , S 10.82 (s, OH, 2H) , 9.17 (s, NH, 
2H), 7.58 (s, C 6 H 4 , 4H), 7.45 (d, J=15.8 Hz, CH, 4H) , 6.51 
(d, J-15.8 Hz). 

The compound having the structure: 



15 




was made as follows. A suspension of 4 , 4-diphenyldicar- 
boxylic acid (5 g; 20.6 mmol) and thionyl chloride (7.3 ml; 
12 g; o.l mmol) in benzene (250 ml) was refluxed overnight. 
The clear solution was cooled, and the solvent was 
evaporated. The solid residue was dissolved in 
tetrahydrofuran (100 ml) and was added slowly into a cool 
(about 5'C) aqueous (100 ml) solution of hydroxylamine 
hydrochloride (2.9 g; 41.7 mmol) and potassium hydroxide 
(4.65 g; 83 mmol). A white precipitate was formed 
immediately. The suspension was stirred at room temperature 
for about two hours and filtered. The crude product was 
slurried in water (50 ml) and the resulting suspension was 
boiled (about 10 minutes) . The solid was separated by 
filtration, and slurried in acetone (200 ml) and boiled. 
The hot suspension was filtered, and the solid was washed 
with acetone (5 x 50 ml) , and then with ether (5 x 20 ml) . 
The yield of diphenyl-4,4'-di-(N-hydroxylcarbox-amide) was 
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4.9 g (88%). 



% NMR (DMSO-d 6 , 200 MHz) , 6 11.33 (s, OH, 2H) , 9.12 (broad 
s, NH, 2H), 7.87 (d, J=8.2 Hz, arom. H, 2H) , 7.80 (d, J=8.4 
Hz, arom. H, 2H) . 



The compound having the structure: 
10 H5C2-0 



0=C 




,C 

15 HO-NH-CO- (CH2T5 (CH2) 5-CO-NH-OH 

was made as follows. Diethyl malonate (15.2 ml; 16 g; 0.1 
mol) was slowly added at room temperature to a suspension of 
sodium hydride (4.8 g; 0.2 mol) in N,N-dimethyl formamide 
(300 ml). The suspension was heated at 80 *C for about one 
hour and cooled down. Benzyl-6-bromohexanoate (57 g; 0.2 
mol) was added at room temperature with vigorous stirring. 
The suspension was heated at 100 *C for about 5 hours and the 
DMP was evaporated. The residue was partitioned between 
chloroform and water (200-200 ml) . The chloroform layer was 
separated and the water layer was extracted with chloroform 
(5 x 50 ml) . The combined chloroform layers were dried over 
anhydrous magnesium sulfate, and evaporated. The oily 
residue was purified by column chromatography on silica gel 
in hexanes-ethyl acetate. The yield of undecane-6,6- 
di(ethylcarboxylate)-l r ii-di(benzylcarboxylate) was 41 g (72 
% ) . Dibenzyl 6 , 6-di (ethoxycarbonyl ) -1 , 11-undecanedicar- 
boxylate (20 g; 35.2 mmol) was dissolved in methanol (150 
^ ml) and 5 % Pd-C (200 mg) was added. The reaction 
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suspension was hydrogenated at room temperature overnight. 
The catalyst was removed by filtration, and the methanol was 
evaporated yielding pure 6,6-(ethylcarboxylate)-l,ll- 
5 undecanedicarboxylic acid (12.5 g; 93%). 

The acid was suspended in benzene (500 ml) , and oxalyl 
chloride (11.2 ml; 16.3 g; 0.129 mol) and a few drops of DMF 
were added. The mixture was stirred at room temperature for 

10 about 3 hours. The solvent was evaporated and the oily 
residue was dissolved in chloroform (100 ml) . The 
chloroform solution of the acid chloride was slowly added to 
a stirred solution of O-behzylhydroxylamine (16.3 g; 0.132 
mol) in chloroform (300 ml) . A white precipitate was formed 

15 immediately. The suspension was filtered, and concentrated 
hydrochloric acid was added (50 ml) to the chloroform 
filtrate and again filtered. The chloroform layer was 
washed with concentrated hydrochloric acid (3 x 100 ml), 
water (3 x 100 ml) , and dried over anhydrous magnesium 

20 sulfate. The chloroform was evaporated yielding pure N,N«- 
dibenzyloxy-6 , 6-di (ethoxycarbonyl) -l , ll-undecanedi- 
carboxamide (17.1 g; 89%). 

The benzyloxyamide (6 g; 0.01 mol) was dissolved in methanol 
£h (50 ml), and 5 % Pd-C (200 mg) was added. The methanol 
suspension was hydrogenated at room temperature overnight. 
The catalyst was separated by filtration and methanol was 
evaporated yielding pure undecane-6, 6-di (ethylcarboxy late) - 
l,ll-di(N-hydroxylcarboxamide) (3.9 g; 93%). The overall 
30 yield was 55.4%. 

1 H NMR (DMS0-d 6 , 200 MHz) , 10.30 (broad s, OH, 2H), 8.75 
(broad s, NH, 2H) , 4.10 (q, J=7 Hz, COOCH2CH3, 4H) , 1.90 (t, 
J=7.2 Hz, CH2C0NH0H, 4H) , 1.71 (m, 4H) , 1.45 (m, 4H) , 1.18 
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(m, 8H), 1.14 (t, J=7 Hz, COOCH2CH3, 6H) 
The compounds having the structure: 



CH 3 0 0 Rl 

\ // - 11 1 



0=C C 



(CH 2 )n-C — N CH 3 



\ /\ 



N— C (CH 2 )n-C-N-CH 3 
CH3 0 O R2 



wherein Rl and Rl may independently be the same or different 
and is H or a lower alkyl group, wherein R3 and R4 may 

20 independently be the same or different and each is CH3 or 
OH, and wherein n is 5 or 6 were made as follows. 1,3- 
dimethylbarbituric acid (15.6 g; o.l mol) was slowly added 
at room temperature to a suspension of sodium hydride (4.8 
g; 0.2 mol) in N,N-dimethylformamide (300 ml) . The reaction 

25 was heated with stirring at 100 *C for about three hours. A 
DMP (200 ml) solution of benzyl 6-bromohexanoate (57 g; 0.2 
mol) was slowly added to the cool suspension with vigorous 
stirring. The suspension was heated at 110 *C overnight, and 
the solvent was evaporated. The residue was partitioned 

3Q between chloroform and water (300-300 ml) . The chloroform 
layer was separated and the water layer was extracted with 
chloroform (5 x 50 ml) . The combined chloroform layers were 
dried over anhydrous magnesium sulfate, and evaporated. The 
oily residue was purified by column chromatography on silica 

35 gel in ethyl acetate-tetrahydrofuran (9:1). The yield of 
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dibenzyl ester was 18 g (32%) . 

The dibenzyl ester (18 g; 0.032 mol) was dissolved in 

5 methanol (50 ml) and catalyst (200mg of 5 % Pd-C) was added. 
The suspension was hydrogenated overnight, and the catalyst 
was removed by filtration. The methanol was evaporated 
yielding pure acid (11.5 g; 94%). The acid (11 g; 0.0286 
mol) was suspended in benzene (500 ml) , and oxalyl chloride 

0 (10ml; 14.5 g; 0.14 mol) and a few drops of DMF were added. 
The mixture was stirred at room temperature for about 3 
hours and evaporated to an oily residue. The oily residue 
was dissolved in chloroform (100ml) and poured into a 
chloroform (100 ml) solution of O-benzyl -hydroxy lamine (14.4 

5 g; 0.117 mol) . A white precipitate was formed immediately. 
After two hours stirring at room temperature the suspension 
was filtered. Concentrated hydrochloric acid (50 ml) was 
added to the filtrate and again filtered. The chloroform 
layer was separated and washed with concentrated 

0 hydrochloric acid (3 x 100 ml) , water (3 x 100 ml) and dried 
over anhydrous magnesium sulfate. The chloroform was 
evaporated yielding pure N-benzyloxyamide (14 g; 82%) . 

The N-benzyloxyamide (6 g; 0.01 mol) was dissolved in 
methanol (509 ml) and catalyst (200 mg of 5% Pd-C) was 
added. The suspension was hydrogenated at room temperature 
overnight. The catalyst was removed by filtration and the 
methanol was evaporated yielding pure hydroxamic acid (3.95 
g;95%). The overall yield of 1,3-dimethyl -5, 5-di(5-pentyl- 
n-hydroxylcaboxamide) barbituric acid was 23.4%. 



35 



1 H NMR (DMSO-d 6 , 200 MHz) , 6 10.30 (s, OH, 2H) , 8.60 (broad 
S, NH, 2H), 3.18 (s, N-CH3 , 6H) , 1.85 (t, J=7.2 Hz, 
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CH2CONHOH, 4H) , 1.80 (t, J=7 Hz, CH2-bar. , 4H) , 1.39 (m, 
4H), 1.10 (m, 8H). 

5 The compound having the structure: 



O Rl R2 o 

2 ( (CH3 ) 2-N-C) -C- (CH2 ) n-C- (S-N- (CH3 ) 2) ) : 



10 



15 



20 



25 



30 



wherein Rl and R2 independently be the sane or different and 
each may is H or a lower alkyl group and n is an integer 
from l to 10 is synthesized as follows. The 
tetramethylamide (2 g; 6.4 mmol; for n=2) in DMF (10 ml) was 
slowly added to a suspension of sodium hydride (0.9; 38 
mmol) in DMF (50 ml). The mixture was stirred at 80*C for 
about 30 minutes. lodomethane (23.3 ml; 53.2 g; 380 mmol) 
was added to this cool solution at a temperature of about 
5*C and the reaction was continued at 60 *C overnight. The 
solvent was evaporated, and the residue was dissolved in 
water (50 ml) . The water solution was extracted with 20% 
methanol in chloroform (10 x 30 ml) . The combined organic 
extracts were dried over anhydrous magnesium sulfate and 
evaporated. The product was purified by short column 
chromatography in acetone. The yields of the alkane- 
l,l,n,n-tetra-(N,N-dimethylcarboxamide) were for: n=2, 1.3 
g (55%); n=3 (52%); n-4, 51%; n=5 (53%); n=6 (53%). 

1 H NHR (CDC13, 200 MHz) for compound having n=2, S 2.94 (s, 
N-Me, 12 H), 2.87 (s, N-Me, 12H) , 1.82 (s, CH2, 4H) , 1.32 
(s, C-Me, 6H). 
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The compound having the structure: 

10 

was synthesized as follows. N-methylanyline (7.3 ml; 7.219 
g; 67.3 nunol) was slowly added to a solution of pimeloyl 
chloride (5 ml; 6.025 g; 30.6 mmol) in chloroform (500 ml). 

15 The suspension was stirred at room temperature for about 
three hours, and the solid was separated by filtration. The 
chloroform filtrate was washed with concentrated 
hydrochloric acid (3 x 100 ml) , water (3 x 100 ml) and dried 
over anhydrous magnesium sulfate. The chloroform was 

20 evaporated, the solid residue was slurried in hexanes and 
filtered. The yield of pentane-l f 5-di (N-methyl-N- 

phenylcarboxamide) was 6.3 g (90%). 

*H NMR (DMSO-d 6 , 200 MHz), S 7.30 (m, Ph, 10 H) , 3.12 (s, H- 
25 Me, 6H), 1.93 (t, J=7 Hz, CH2C0N, 4H) , 3.31 (m, 4H) , 1.01 
(m, 2H) . 
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The compound having the structure: 



C2H5 



H 



5 



\ 



/ 



o 



0 



N 



0=C 




2 (CH3 ) N-CO- (CH2 ) 5^-C- (CH2 ) 5-CO-N (CH3 ) 2 

was synthesized as follows. To a suspension of sodium 
hydride (0.24 g; 0.01 mol) in DMF (30ml) at room temperature 
was added slowly to aniline (1 ml; 1 g; 10.7 mmol) in DMF (5 
ml). The mixture was heated at no *C for three hours. 
Diethyl di (N, N-dimethylpentamethylenecarboxamide) malonate 
(4.42 g; 0.01 mol) in DMF (10 ml) was added to the cool 
reaction mixture. The mixture was stirred at 110 *c 
overnight. The solvent was evaporated. The residue was 
partitioned between water and chloroform (100-100 ml) . The 
chloroform layer was separated, and the water layer was 
extracted with 4:1 chloroform-methanol (5 x 50 ml). The 
combined organic layers were dried over anhydrous magnesium 
sulfate and evaporated to an oily residue. The product was 
purified by column chromatography on silica gel in 
tetrahydrofuran. The yield of undecane-i,n-di(N,N- 
dimethyl-carboxamide) -6-ethoxycarbonyl-6- ( N - 
phenylcarboxamide) was 2.1 g (43%). 

'H NMR (CDC13 , 200 MHZ) , J 7.59 (d, J=7.4 Hz, arom. 2H) , 
7.28 (t, J=7.4 Hz, arom. 2H) , 7.26 (s, NH, 1H) , 7.10 (t, 
J=7.4 Hz, arom. 1H) , 4.26 (q, J=7 Hz, COOCH2CH3 , 2H) , 2.99 
(s, N-Me, 6H), 2.95 (s, N-Me, 6H) , 2.24 (t, J=5.2 Hz, 
CH2CON, 4H) 1.85 (m, 4H) , 1.60 (m, 4H) , 1.65 (m, 8H) . 
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The compounds having the structure: 



HOHN'^(CH^NHOH 

were made as follows. A solution of suberoyl chloride (n=6; 
10 ml; 11.72 g; 55.5 mmol) in tetrahydrofuran (50 ml) was 
slowly added (about 1 hour) to a stirred solution of 
potassium hydroxide (12.4 g; 22.2 mmol) and hydroxylamine 
hydrochloride (7.72 g; ill mmol) in water (200 ml), 
maintaining the reaction temperature below 5'C. The 
reaction suspension was stirred an additional two hours at 
room temperature. The white precipitate (where n= 6-11) was 
filtered and the filtrate was washed with cold water (5 x 20 
ml) , acetone (5 x 20 ml) and ether (3 x 50 ml) . The product 
was more than 95% pure by NMR(DMSO) . The product can be 
purified by crystallization from acetone. When n=2-5, the 
reaction mixture was evaporated. The white crystals were 
slurried in hot methanol (about 1 liter) and filtered. The 
filtrate was dried over anhydrous magnesium sulfate and the 
methanol was evaporated. The white crystals were purified 
by crystallization from methanol or acetone. The yields of 
alkane-l,n-di(N-hydroxylcarboxamide) were forn=2, 57%; n=3, 
64%; n*5, 71%; n=6, 63%; n=7, 68%; n=8, 78%; n=9, 75%; n=10; 
79%; and n=l, 81%. 



30 



35 



WO 91/00257 



PCT/US90/02690 



10 



15 



20 



25 



30 



61 

The compound having the structure: 



35 



H0HN^"O^ N H0H 



was synthesized as follows, a solution of tetraphthaloyl 
chloride (5 g; 24 mmol) in tetrahydrofuran (50 ml) was 
slowly added (about 30 minutes) to a stirred solution of 
potassium hydroxide (5.52 g; 98.6 mmol) and hydroxylamine 
hydrochloride (3.4 g; 48.9 mmol) in water (100 ml) and the 
reaction was maintained at a temperature below 5'C. The 
reaction suspension was stirred an additional hour at room 
temperature. The suspension was evaporated, and the solid 
was slurried in boiling methanol (about 1 liter) . The hot 
methanol suspension was filtered, the filtrate was dried 
over anhydrous magnesium sulfate and the methanol was 
evaporated. The solid residue was slurried in ethyl acetate 
(30 ml) . The solid was separated by filtration and washed 
with ether (5 x 10 ml) and hexanes (5 x 10 ml) . The yield 
of benzene-l,4-di(N-hydroxylcarboxamide) was 3.2 g; (66%). 

The compound having the structure: 
HO-N(CH3) -CO- (CH2) 6-CO-n (CH3) -OH 

was made by slowly adding a solution of suberoyl chloride (5 
g; 23.7 mmol) in tetrahydrofuran (20 ml) to a stirred water 
solution of potassium hydroxide (5.3 g; 94.8 mmol) and N- 
methylhydroxylamine hydrochloride (4 g; 47.4 mmol) at about 
5*C. The reaction mixture was stirred at room temperature 
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for about one hour. The organic layer was separated and the 
water layer was extracted with chloroform (5 x 50 ml) . The 
combined chloroform layers were dried over anhydrous 
5 magnesium sulfate and evaporated. The product was purified 
by crystallization from acetone. The yield of hexane-1,6- 
di (N-hydroxyl-N-methylcarboxamide was 2.7 g (46%). 

Each compound in Table 1 was assayed 3 or more times to 
10 determine effectiveness as an inducer of MELC (745A-DS19) 
cell line. The cell density of MELC in culture for 5 d. 
without inducer was 2.0 to 2.6 x 10 6 cells/ml. The cell 
density of MELC in culture for 5 d. with inducer was 1.2 to 
2.0 x 10 6 cells/ml. Compounds 11 and 11 were dissolved in 
15 absolute ethyl alcohol. The final concentration of ethyl 
alcohol in the cultured medium ranged between t).l and 3%. 
This concentration of ethyl alcohol had no effect on cell 
growth of MELC in culture without inducer. All other 
compounds were dissolved in culture medium without fetal 
20 calf serum. The indicated optimal concentration represents 
the final concentration in the culture medium. 



Results 

25 

Hew Hybrid Polar/Apolar Compounds Active as 
CVtodifferentiation Agents 

In earlier studies (8), the present inventors reported that 
30 fairly high concentrations of certain polar organic solvents 
induce MELC to undergo erythroid differentiation. The 
question arose as to how the effectiveness of polar 
compounds might be increased so that similar concentrations 
of these solvent-like molecules could induce 
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differentiation. Although the mechanisms were not clear, 
and are still incompletely understood, the following 
hypothesis was considered: perhaps, at the target site of 
action, more than one solvent molecule must bind or 
interact. if this were so, the well-known chelate effect 
could provide more effective compounds. Instead of binding 
two or more independent solvent molecules, the cellular 
target might interact more efficiently with a single 
molecule carrying two or more solvent-like groups. Provided 
these groups were held in the right relationship one to the 
other, binding of one would carry the other into the target 
region providing a high, effective concentration. Such a 
chelate effect is well precedented; it accounts for the 
strong binding of metal ions by chelating ligands, and is 
the basis for much of the catalytic activity of enzyme. 

This concept led the present inventors to new effective 
cytodifferentiating agents. The best studied to date is 
hexamethylene bisacetamide (HMBA, Table 1, compound 1), 
consisting of two acetamide molecules linked at nitrogen by 
a six carbon polyethylene chain (5,9). N-methyl acetamide 
(Table 1, compound 2), another of the polar organic 
solvents, was shown to be effective, but only at high 
concentration (50 mM) , whereas HMBA induces erythroid 
differentiation in MELC at an optimal concentration of 5 mM 
(8). The present inventors previously showed that the 
optimum number of methylene groups in the apolar chain is 
six (27) . m the present invention, it was found that a 
four or five carbon chain is comparably effective if extra 
carbons are provided as branching methyl groups (Table l, 
compounds 2, ± and £) . This suggests that the important 
factor is not simply the length of the chain but also the 
number of hydrophobic hydrocarbon units in it. 
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Acetamide can also be dimerized by linking the methyl groups 
of the molecule. Suberic acid bis-N-methylamide (SBDA; 
Table 1, compound 2) , can be thought of as N-methyl acetamide 
5 linked at the acetyl group by four methylene units. SBDA is 
comparable in activity as an inducer to HMBA (Figure 1A and 
B) . Since the structures of SBDA and HMBA are different, it 
is likely that the metabolic fates of these two compounds 
are completely different, and their similarity in 
10 effectiveness means that the compounds themselves are the 
principal active agents, rather than their catabolic 
products. 

HMBA and SBDA have their polar groups separated by identical 
15 methylene bridges, and they have a similar ratio of polar to 
apolar hydrophobic moieties. Many structurally related 
compounds have been examined , but only a few showed 
comparable or greater activity (Table 1, compounds 6 through 
12.) • It is clear that the structures of active compounds 
20 may differ sufficiently from HMBA to make it likely that 
they will also display different pharmacokinetics. One of 
the more active of these hybrid compounds is a dimmer of 
HMBA. Bishexamethylene triacetamide (BHTA; compound 10) is 
about 2 fold more active as inducer, on a molar basis, than 
25 HMBA (Figure 1C) . The most active of the hybrid compounds 
assayed in this study is one in which two pentamethylene 
carboxyamides are linked by the dimethyl ester of malonic 
acid (compound 12.) . This compound, with 4 exposed polar 
groups balanced by two apolar pentamethylene domains, is 

30 

roughly 10 fold more active than HMBA. For example, 0.6 mM 
compound 12. is about as effective as 5.0 mM HMBA, inducing 
over 90% of cells to differentiate after 5 d. in culture 
(Fig. 2). 
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Polymethylenediamine derivatives carrying propionyl groups 
instead of the acetyl groups of HHBA are also active, but 
methoxycarbonyl groups are less effective and bulky pivaloyl 

5 groups lead to loss of activity. The present inventors 
previously showed that HHBA can have a double bond (cis or 
trans) or a triple bond in the center and retain its 
activity (27) . Replacement of the polymethylene chain with 
a cyclohexane ring leads to inactivity (27), although 

0 compound 2, with a longer chain interrupted by an amide 
group, is active. 



Diamides of dicarboxylic acids, such as suberic acid, are 
active with either one or two methyl groups on each nitrogen 
(compounds 7, fi, and 2), but not with a methyl and a 
methoxyl substituent, and they are also active with one (but 
not two) ethyl groups on each nitrogen. Suberic diamides of 
pyrollidine, of morpholine, or of piperazine are inactive. 
This shows that there is a limit, to the amount of carbon 
tolerated on the ends of the polar groups. 



These findings indicate that for optimal activity, two, or 
even better, three or four uncharged polar groups of limited 
bulk must be connected by chains of about 5 to 6 carbons. 

Increasfrd Sensitivity of vin ff1 H S tlne-Rasistant MKT.r * ft 
PQlar/APOlar Compounds 



As previously reported, MELC resistant to relatively low 
concentrations of vincristine show a marked increase in 
sensitivity to HMBA (Fig. ia) (26). The dose-response of 
MELC to several of the new polar compounds identified as 
being as or more active than HMBA was examined. The 
compounds assayed for inducing activity with vincristine- 
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resistant MELC include compounds 1, 2, ±, &, ifi, n and 12. 
(Table 1) . In each instance , vincristine-resistant MELC 
were induced at lower concentrations than were required for 
5 induction of vincristine-resistant MELC were induced more 
rapidly than the vincristine-sensitive cells* For the most 
active of the compounds, 0.1 mM compound 12. was the optimal 
concentration for inducing vincristine-resistant MELC 
(VCR, C (2) 15) . For example , 0.1 mM compound 12 induced only 

10 6% commitment of over 95% of V.CR. (2) 15 cells after 2 d. 
and the accumulation of over 80% benzidine-sensitive (DS-19) 
MELC, 0.1 mM compound 12. induced only 6% commitment by d. 2 
and 4% benzidine reactive cells by d. 5. At concentrations 
of compound 12 as low as 0.05, 35% of VCR. c (2) 15 became 

15 benzidine reactive by d. 2, compared to only 2% of DS-19. 

Effect Of Polar/APQlar Compounds on MELC Resistant to 
Inducer Mediated Terminal Cell Division 

20 

Several of the new polar/apolar compounds were evaluated as 
inducers of MELC cell line DR10, which is resistant to 
induction by dimethyl sulfoxide and can be induced by HMBA to 
accumulate hemoglobin but not commit to terminal cell 

25 

division (37) . Compounds 7, £ and lfi, assayed as inducers 
of DR10, caused accumulation of hemaglobin, but not 
commitment to terminal cell division. Thus, these new 
hybrid polar/apolar compounds are similar to HMBA in their 
effect on DR10 cells. 

30 
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Cell cultures were grown in the presence of different 
concentrations of Hexamethylenebisacetamide (HMBA) 

HN-(CH2) 6 -NH 

00 C=0 

1 I 

CH 3 CH, 

and compound ifi, bis-Hexamethylenetriacetamide (IC-135) . 

At 1, 2 and 5 days, the cell densities and the percentage of 
cells that were benzidine reactive ( B+ ) were measured. 
Table 2 shows the cell densities, B+%, and percent of cells 
committed for cell lines DS19 and V3.17 grown in 1 mM to 5 
xnM of HMBA and IC-135. Figures 3, 4, 5A and B, and 6A and 
B are graphical representations of the data presented in 
Table 2. 



20 



25 



30 



Table 3 shows cell counts for days l, 2 and 5 and percentage 
of cells committed and benzidine reactive (B+) at day 5 for 
cell liens DS-19, V3.17 and DR-10 grown in 5 mM of HMBA and 
0.5 to 3 mM of IC-135. 

As can be seen in Table 2 and 3 and Figures 3-6, IC-135 is 
more reactive in the tested cell lines at lower 
concentrations than HMBA. 

Table 4 shows the results of several structurally different 
compounds when assayed 3 or more times to determine 
effectiveness as an inducer of MELC (745A-DS19) cell line. 
The cell density of MELC in culture for 5 d. without inducer 
was 2.0 to 2.6 x 10 6 cells/ml. 



35 



WO 91/00257 



PCT/US90/02690 



68 

Discussion 

The development of agents which can induce transformed cells 
5 to differentiate and suppress their oncogenicity has 
important implications for the treatment of cancer. While 
a number of agents have been identified that can induce 
tumor cells in vitro to express features of their 
differentiated phenotype and to decrease their proliferative 
10 capacity (4,10-24) , these agents have generally proved to be 
relatively ineffective or two toxic when evaluated in 
clinical trials (40). 

Among cytodif ferentiation agents, the hybrid polar/ apolar 
15 compound, HMBA, has been one of the best characterized with 
respect to its in vitro inducing activity in MELC and in a 
number of other transformed cell lines, as well as for 
certain human tumor explants (30) . It can trigger a 
differentiation program in transformed cells which is 
20 similar to that of their normal lineage (5) . 

The recent finding that vincristine-resistant MELC are more 
sensitive to HMBA and to other active hybrid polar/apolar 
compounds provides an approach toward identifying the 

25 mechanisms of HMBA action (26) . The lack of a latent period 
for inducer-mediated differentiation of vincristine- 
resistant cells suggests that an early effect of inducers 
may involve alternations (e.g. new proteins, or modification 
of existing proteins such as phosphorylation) which are 

30 constitutively expressed in the vincristine-resistant cell 
lines, and may, therefore, be identified and characterized. 

The observed positive therapeutic responses to HMBA, albeit 
largely transient, occurred despite relatively low serum 

35 
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concentrations of HHBA (<i mM) , compared to the optimum 
demonstrated in yi£re. (4 to 5 mM) (35,36). The present 
invention provides a new group of hybrid polar/apolar 
5 compounds which are as active or even more active, on a 
molar basis, than HHBA. 
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Table 4 



Optional 

Mol. Concen- Benzidine 

tration Reactive 

SED. St^gtiffe Wgjqnt (UMI Cells f»l 



HO OH 
I II II I 



HO-N-C- (CH2 ) n -C-N-OH 



13. 


n=2 


148 


0 




14. 


n=3 


162 


0 




15. 


n*4 


176 


300 


60 


16. 


n»5 


190 


40 


89 


17. 


n»6 








18. 


n=7 


218 


20 


75 


19. 


n«8 


232 


20 


38 


20. 


n=9 


246 


20 


20 


21. 


n=10 


260 


20 


26 


22. 


n-ll 


274 


20 


9 
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Table 4 (continued) 



Optional 

Mol. Concen- Benzidine 

tration Reactive 

£EQ S£suciu£g Weight (tM) Cellsm 



10 



ho oh 

> " /SV II I 

23. HO-N-C-O-C-N-OH 196 



80 



88 



15 



20 

HO 

24. VTVOhOH 
HOHN N-=/ M 



5 64 
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Table 4 (continued) 

Optional 

Mol. Concen- Benzidine Conunit- 

tration Reactive ment 

£ED Structure Weight (uH) Cells r%l (%) 



25. CH, 0 

N (CH 2 )5-C-N-(CH,) 2 

/ V 

o=c d 

N (CH 2 ) 5 -C-N-(CH 3 ) 2 

CHj O O 



438 600 95% 



20 

26. 



O-C 



CH, 0 O Rl 

\ ^ (CHjJn-C-N-Ra 

/ H -\ / 

\ A 

N C (CHjJn-C-N^ 

/ II ^ II I 
^ O O R2 



30 424 500 19% 
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Optional 

Mol. Concen- Benzidine 

_ tration Reactive 

SEE gtmgtmrt Hfiigiit JjMl cells ™ 



27. 




15 

311 5000 85 

28. 



20 



HOHN 




NHOH 



25 



414 



600 



85 



29. 



30 



O O 




35 



442.60 



600 



95 
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What is claimed is: 

1. A compound having the structure: 

[R-A] -B-^-B, - [ A2-V ] JA3-B3- ] b [ A 4 -R, ] 

wherein each A, A 1# Ag, A3, and A 4 represent a polar 
group which comprises a nitrogen, sulfur or oxygen atom 
and wherein each of A, A,, A^ A3, and A 4 may 
independently be the same as, or different from, the 
others of A, A,, A^ A3, and A 4 ; 

wherein each of R and R 1 is a hydrogen atom; a lower 
alkyl, alkenyl, or alkynyl group; or a group having the 
structure: 



-N 

I 

*3 



wherein each of Rj and R3 being a hydrogen atom or a 
lower alkyl, alkenyl, or alkynyl group; and wherein 
each of R, R 1 , Rj and R3 may independently be the same 
as, or different from, the others of R, R 1 , Rg and R 3 ; 

wherein each of [R-A] and [A 4 -R 1 ] have a dipolar moment 
greater than about 2.7 Debye units; 

wherein each of B, B 1f and B3 represents a nonpolar 
group which comprises at least 4 atoms in a chain, the 
termini of which chains are attached to A and k u A, 
and Ag, Aj and A3, and A3 and A 4 , respectively; wherein 
each such atom is oxygen, nitrogen, carbon, or sulfur 
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and wherein each of B, B,, Bj, and Bj may independently 
be the same or different from, each of B, B,, B 2 , and 

and wherein each of a and b is independently 0 or 1. 
A compound of claim 1 having the structure: 



CH,CH,0 . o 

0 ^ c o 

(CH3) 2 -N-U (CHj) s-i-lCHz) 5 -A'-N- ( CH,) 2 
15 0 ^OCHgCHj 

3. A compound of claim 1, wherein each of A, A,, Aj, A, and 
A 4 is a carbonyl radical or a bivalent radical of an 
amide, a sulfoxide, or an amine oxide. 

20 

4. A compound of claim 1, wherein each of A, A,, A,, A3 and 
A 4 is a carbonyl radical or a bivalent radical of an 
amide. 

25 5. A compound of claim 4, wherein all of A, A,, Aj, A3, and 
A 4 are the same. 



30 



35 
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6. A compound of claim 5, wherein all of A, A,, Aj and 
A 4 have the structure: 



-N- 

I 

C=0 

I 

*4 



wherein R 4 is a hydrogen atom or a lower alkyl or 
alkenyl group. 

7. A compound of claim 4, wherein all of A, A,, A^ Aj and 
A 4 are a carbonyl radicals. 

8. A compound of claim 1, wherein R and R 1 are the same 
and are hydrogen atoms, methyl groups, ethyl groups or 
groups having the structure: 



-N 

k 

each of Rj and R3 each is hydrogen atom, a methyl group 
an ethyl group and being the same or different. 

9. A compound of claim 8, wherein all of A, A 1# Aj, A3, and 
A 4 are carbonyl radicals and R and R, are: 



-N 
I 

R3 
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10. A compound of claim 1, wherein each of B, B,, B 2 , and 
B, further comprises a nonpolar substituent attached to 
an atom of a chain. 

5 

11. A compound of claim 1, wherein each of B, b,, B 2 , and 
Bj comprises 4 to 7 atoms connected in a chain. 

12. A compound of claim 1, wherein each of B, B,, B^ and 
Bj may comprise a hydrocarbon chain. 

13. A compound of claim 1 having the structure: 

c=o oo oo 

I I I 

R4 R4 R4 

wherein each of R, R,, and R^ is a hydrogen atom or a 
methyl, ethyl, or propyl group, R and Rl are the same 
or different; and wherein y is 4, 5, or 7. 

A compound of claim 13, wherein R and R, are hydrogen 
atoms, each R4 is an ethyl group, and y is 4, 5 or 6. 

A compound of claim 13 having the structure: 

H-N-(CH 2 ) y -JJ-(CH 2 ) y -N-H 

30 c=o C=0 c=0 

III 
CH 3 CH3 CH 3 

wherein y is 4, 5 or 6. 



14. 

25 

15. 



35 
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16. A compound of claim 15 having the structure: 

H-N-fCH^-N-CCH^-N-H 
5 III 

c=o c=o c=o 

CH3 CH 3 CH, 

17. A compound of claim 1, having the structure: 

10 

O o 
V N-|- (CHj) y-A,- (CHj) y1 -C-N-I^ 
R3 R3 
15 wherein each of R2 and R3 is a hydrogen atom or a 

methyl, ethyl of propyl group and is the same or 
different, and wherein each of y and yl is 
independently 4, 5, 6 or 7. 

20 

18. A compound of claim 17, wherein Rj is a hydrogen atom, 
R3 is an ethyl group and each of y and yl is 
independently 4, 5 or 6. 



25 



30 



independently 4, 5 or 6. 
19. A compound of claim 17, wherein Al is 



H _ || 

-C- , -CH-, or -C-NR5— . 

C=0 
R5-ll-R5 



wherein R5 is a hydrogen atom or a methyl, ethyl 
or propyl group. 



35 
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20. A compound of claim 19 having the structure: 

5 OHO 

(CH3 ) 2-N-C- (CH2 ) 5-C- ( CH2 ) 5-C-N- (CH3) 2 

c = o 

N (CH3)2 

10 

21. A compound of claim 18 having the structure: 

0 0 
H ir 

CH 3 — N— C— (CH2 ) y— A 1 — (CH 2 ) y 1 — C — N — CH 3 
15 ^ ^ 

wherein each of y and y, is independently 5 or 6. 

22. A compound of claim 21, wherein A, is: 

20 

0 0 

11 \\ 
-C-, -CH-, or -C-NH- 

C=0 

25 

23. A compound having the structure: 



XT' 

(O^jN-C-fCH^s (CH2) 5 -C-N(CH 3 ) 2 
35 0 0 
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24. A compound having the structure: 



0 

.-o-i 1 



CH, 



o 



CBj-N-cj-cayf 



10 



CH, 



"(CH2)s-ff-H-CB s 
0 



wherein Rl and R2 may be the same or different and each 
is a lower alkyl group. 



15 



25. A compound having the structure: 



CH3-N 



20 



25 




CH 2 ) 5 -C-N-(CH 3 ) 2 



wherein R is H or a lower alkyl group. 



30 



35 



WO 91/00257 



PCT/US90/02690 



10 



15 



20 



86 

26. A compound having the structure: 



wherein n is an integer which is greater than 1 and R, 
and may be the same or different and each is H or a 
lower alkyl group. 

27. A compound having the structure: 




25 

wherein XI and X2 may independently be the same or 
different and each is N(CH,) 2 , NH-phenyl, or HNCH 3 . 

30 28. A compound having the structure: 

H3C 0 0 CH3. 

OH-N-C- (CH 2 ) 6 -c-N-OH 



35 
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29 



A compound having the structure: 



5 



0 Rl R2 O 

2 ( (CH3) 2-N-C) -d-(CH2)n-t-(C-; 



N-(CH3)2))2 



wherein Rl and R2 may be the same or different and each 
is H or a lower alkyl group; 

and n is an integer from 1 to 10. 

30. A compound having the structure: 



Rl-N-S— (X) n— ?-Sf-R6 

wherein Rl, R2, R3, R4, R5, R6 may independently be the 
same or different from each other and is H or a lower 
20 alkyl group; 



CH 3 -N-C-(CH 2 ) 5 (CH 2 ) 5 -C-N-CH 3 

wherein Rl and R2 may be the same or different and is 
H or CH3. 



wherein X is methyl or phenyl; and 



n is an integer from l to about 15. 



25 



31. A compound having the structure: 



30 
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32. A compound having the structure: 



10 



15 



R2H 



T 1 



JMtt 




CH3- N — C-(CH2)5 

I < 

CH3 O 



(CH2)5-C-N-CH3 
O CB3 



wherein R 1 and may be the 
H or CHj. 



same or different and is 



33. A compound having the structure: 



20 



HO-N -C-X-C-N-OH 



25 



30 



wherein X has the structure: 
-CH-CH— CH-CH- , 
-C*C — C«C- , 

-CH-CH- 



_CHj \o - c P 



CHjt- 
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-CH2 Q— CH2- , or 

5 

-CH-CH-CH-CH-; 

wherein R, and Rj are the same or different and is H or 
lower alkyl group. 

10 

34. A compound having the structure: 



0 o Ri 

\ // (CH,)n-C-N-I 



(CH,)n-C-N-R3 

/"-% / 

! >C 

\ /\ 

20 ^N— C (C^Jn-Cj-y-M 

CH3 O o R2 



wherein Rl and Rl may independently be the same or 
different and each may be H or a lower alkyl group; 

wherein R3 and R4 may independently be the same or 
different and each may be CH3 or OH; and 

wherein n is 5 or 6. 



35 
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35. A compound having the structure: 

Rl 
I 

C=0 

5 I 

(CH3 ) 2-N-C- (CH2 ) 6-C- (CH2) 6-C-N- (CH3 ) 2 

C«0 

L 

10 wherein and is the same or different and is 

hydrogen, lower alkyl, alkenyl, alkynyl, an amide or 
hydroxy amide* 



15 36. A compound having the structure: 

o- 

N(CH3) -CO-(CH2) 5-CO-N (CH3 ) 

20 

37. A compound having the structure: 
H5C2-0 0-C2H5 

o=c v oo 



\/ 



30 



35 



C 

HO-NH-CO- ( CH2 ) 5 ^ ( CH2 ) 5-CO-NH-OH 



38. A compound having the structure: 

I ( CH3 ) -CO— ( CH2 ) 5— CO-N (CH3 ) 
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39. A compound having the structure: 



C2H5 H 

O N- 

0*=C C=0 
2 ( CH3 ) N-CO- (CH2 ) 5— 0^012 ) 5-CO-N (CH3) 2 



to 



35 



40. A method of selectively inducing terminal 
differentiation of neoplastic cells and thereby 
inhibiting proliferation of such cells which comprises 
contacting the cells under suitable conditions with an 
amount of a compound effective to selectively induce 
terminal differentiation, the compound having the 
structure: 

[R-A]-B-A r B r [VV].tVV]bCVR,] 

wherein each A, A,, Aj, a,, and & A represent a polar 
group which comprises a nitrogen, sulfur or oxygen atom 
and wherein each of A, A,, Aj, A 3 , and A 4 may 
independently be the same as, or different from, the 
others of A, A 1 , Aj, Aj, and A 4 ; 

wherein each of R and R, is a hydrogen atom; a lower 
alkyl, alkenyl, or alkynyl group; or a group having the 
structure: 

?■ 

-N 

I 

wherein each of % and R, being a hydrogen atom or a 
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lower alkyl, alkenyl, or alkynyl group; and wherein 
each of R, R,, ^ and Rj may independently be the same 
as, or different from, the others of R, R,, and 1^; 

wherein each of [R-A] and [A 4 -R,] have a dipolar moment 
greater than about 2.7 Debye units; 



wherein each of B, B,, B^ and Bj represents a nonpolar 
group which comprises at least 4 atoms in a chain, the 
termini of which chains are attached to A and A,, A, 
and Aj, Aj and Aj, and Aj and A 4 , respectively; wherein 
each such atom is oxygen, nitrogen, carbon, or sulfur 
and wherein each of B, B,, B^ and Bj may independently 
be the same or different from each of B, B,, Bj, and 

and wherein each of a and b is independently o or 1. 



20 



25 



30 



35 
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41. A method of claim 40, wherein the compound has the 
structure: 



CH.CH-0 ^ o 

o ^ £ O 
(CH,) j-N-8- (CHj) ,-(!- (CHj) s-A'-M- (CH 3 ) . 

OCHjCHj 



42. A method of claim 40, wherein the contacting 
effected continuously for at least 48 hours. 



is 



15 43. A method of claim 40, wherein the compound has the 
structure: 



R-N- 



W-(CH 2 ) y -N-(CH 2 ) y -N.R 1 . 

c=o oo c=0 

J.. f ' f 

R4 R4 R4 

wherein each of R, R,, and R< is a hydrogen atom or a 
methyl, ethyl or propyl group, R and R, are the same 
and R and R^ are the same or different; and wherein y 
is 4, 5, 6 or 7. 



30 
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44. A method of claim 43, wherein the compound has the 
structure: 



H-N- (CH 2 ) 6 -N- (CH 2 ) 6 -N-H 
C=0 C*0 jX> 

CH 3 CHj CH 3 



45. A method of claim 43, wherein the amount of the 
compound is from about 0.5mM to about 25mH. 

46. A method of claim 40, wherein the compound has the 
structure: 



O o 
Rj-N-c'- (CHj) y -A,- (CH^-SU-R, 
R, R3 



wherein each of Rj and R, is a hydrogen atom or a 
methyl, ethyl or propyl group and each being the same 
or different; wherein A, is 

0 0 

II II 
-C-, -CH-, or -C-NH-; 

I 

oo 

I 

NH 2 

and wherein each of y and y 1 is independently 5, 6 or 
7. 
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47. A method of claim 46, wherein the compound has the 
structure: 

OHO 



(CH 3 ) 2 -n4- (CH 2 ) s -L (CHj) 5-C-N- (CH 3 ) . 



I 

N-(CH,) 2 

10 48. A method of claim 47, wherein the amount of the 
compound is from about 0.1 to about 10 mM. 



15 



49. A method of selectively inducing terminal 
differentiation of neoplastic cells and thereby 
inhibiting proliferation of such cells which comprises 
contacting the cells under suitable conditions with an 
amount of a compound of claims 23-39, effective to 
selectively induce terminal differentiation. 

20 _ A m 

50. A method of selectively inducing terminal 
differentiation of neoplastic cells and thereby 
inhibiting proliferation of such cells which comprises 
contacting the cells under suitable conditions with an 
amount of a compound effective to selectively induce 
terminal differentiation, the compound having the 
structure: 



25 



O O 

30 i 1 

HOHN^N * Vi NHOH 



35 



wherein X is phenyl or methyl and n is an integer from 
1 to 15. 
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51. A method of claim 49 or 50 wherein the effective amount 
of the compound is from about 2fM to about 6000 /uM. 



52. 



10 



15 



20 



25 



30 



A method of claim 51, wherein the contacting is 
effected continuously for at least 48 hours. 



53. A method of treating a patient having a tumor 
characterized by proliferation of neoplastic cells 
which comprises administering to the patient an amount 
of a compound effective to selectively induce terminal 
differentiation of such neoplastic cells and thereby 
inhibit their proliferation, the compound having the 
structure: 

[R-A]-B-A,-B 1 -[A 2 -B 2 -],[A 3 -B J -] b [A 4 -R 1 ] 

wherein each of A, A,, Aj, Aj, and A 4 represent a polar 
group which comprises a nitrogen, sulfur or oxygen atom 
and wherein each of A, A,, A^ Aj, and A 4 may 
independently be the same as, or different from, the 
others of A, A 1 , Aj,, Aj, and A 4 ; 

wherein each of R and R, is a hydrogen atom; a lower 
alkyl, alkenyl, or alkenyl group; or a group having the 
structure: 

-N- 

I 

C=0 
I 

wherein each of Rj and R, being a hydrogen atom or a 
lower alkyl, alkenyl, or alkynyl group; and wherein 
each of R, R^ Rj and Rj,- 
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wherein each of [R-A] and [A^-R,] have a dipolar moment 
greater than about 2.7 Debye units; 

wherein each of B, B,, Bj, and B3 represents a nonpolar 
group of which comprises least 4 atoms in a chain, the 
termini of which chains are attached to A and A,, A 1 
and Aj Aj and A,, and A, and A 4 , respectively; wherein 
each such atom is oxygen, nitrogen, carbon, or sulfur 
and wherein each of B, B,, Bj, and B, may independently 
be the same as, or different from the others of B, B,, 
B 2 and B,; 

and wherein each of a and b is independently 0 or 1. 
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54. A method of claim 53, wherein the compound has the 
structure: 

5 CH,CH,0 0 

\// 

o c o 

II I II 

CHj) 2 -N-C- (CHj) 5 -C- (CHj) 5 -C-N-(CH 3 ) 2 
10 O ^OCHjCHj 



15 



20 



25 



55. A method of claim 53, wherein the compound has the 
structure: 

R-N- (CHj) y -N- (CHj) y-N-R, 

00 OO c=o 

1 I I 
R4 R4 R4 



wherein each of R, R,, and R 4 is a hydrogen atom or a 
methyl, ethyl or propyl group, R and Rl are the same 
and R and R4 are the same or different; and wherein y 
is 4, 5, 6 or 7. 

56. A method of claim 55, wherein the compound has the 
structure: 



30 



H-N- (CH2 ) 6 -N- (CHg) 6 -N-H 

C=0 OO C=0 

I I I 

CH 3 CH 3 CH, 
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57. A method of claim 51, wherein the compound has the 
structure: 

0 o 

II II 
Rj-N-C- (CHj) Y -A,- (Ctt,) Y^C-N-R, 

** k 

wherein each of Rj and R, is a hydrogen atom or a 
methyl, ethyl or propyl group and each being the same 
or different; wherein A, is 

o o 

" II 

15 -C-, -CH-, or -C-NH-; 

00 

I 



10 



20 



and wherein each of y and y, is independently 5, 6 or 
7. 

58. A method of claim 57, wherein the compound has the 
structure: 



25 



0 B O 

(CH3 ) 2-N-C- (CH2 ) 5-C- (CH2 ) 5-C-N- (CH3 ) 2 

C* O 

30 N— (C H3) 2 
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59. A method of claim 57, wherein the compound has a 
structure: 



i? .f 

CHj — N — C— (CH2)y— A,— (CHj) y,— C— N— CH, 
CB, CH, 



10 

60. A method of treating patient having a tumor 
characterized by proliferation of neoplastic cells 
which comprises administering to the patient an amount 
of a compound effective to selectively induce terminal 
1 5 differentiation, which neoplastic cells and thereby 

inhibit their proliferation, the compound having the 
structure: 



20 0 0 

HOHN'N x ) n nhoh 



25 



30 



35 



wherein X is phenyl or methyl and n is an integer from 
1 to 15. 

61. A method of treating patient having a tumor 
characterized by - proliferation of neoplastic cells 
which comprises administering to the patient an amount 
of a compound of claims 23-39, in an amount effective 
to selectively induce terminal differentiation of 
neoplastic cells and thereby inhibit their 
proliferation. 
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62. A method of claim 60 or 61, wherein the amount of the 
compound is less than an amount which causes toxicity 
in the patient. 

5 

63. A method of claim 62, wherein the tumor is lung cancer, 
acute lymphoid myeloma, bladder melanoma, renal 
carcinoma, breast carcinoma or colorectal carcinoma. 

10 64. A method of claim 60 or 61, wherein the administering 
is effected intravenously. 



15 



20 



25 



65. A method of claim 60 or 61, wherein the administering 
is effected orally. 

66. a pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and the compound of 
claim l or 23-39, in an amount effective to selectively 
induce terminal differentiation of suitable neoplastic 
cells and less than an amount which causes toxicity in 
a patient. 

67. A pharmaceutical composition of claim 66, wherein the 
amount of the compound is from about 0.1 gm/m 2 /day to 
about 30 gm/m 2 /day. 

68. A pharmaceutical composition of claim 66, wherein the 
compound has the structure: 



30 



CH,CH,0 O 

o c o 

(CH 3 ) 2 -N-C- (CH 2 ) 5 -C- (CH2 ) 5 -C-N- (CH,) 2 
*°\ 

35 O OCH 2 CH 3 
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69. A pharmaceutical composition of claim 66, wherein the 
amount of the compound is not more than about 30 
gm/n^/day. 

70. A pharmaceutical composition of claim 66, wherein the 
compound has the structure: 



Oho 

II I II 

(CHj) 2-N-C- (CH 2 ) 5 -C- (CH 2 ) 5 -C-N-(CH 3 ) ^ 

c=o 

I 

N-(CH3) 2 

71. A pharmaceutical composition of claim 70, wherein the 
amount of the compound is not more than about 30 
gm/m 2 /day. 

72. A pharmaceutical composition of claim 66, wherein the 
compound has the structure: 

H-N- ( CH2 ) 6 -N- (CH,) ,-N-H 
25 I I | 

oo c=o c=o 

■ - • • • - I I I 

CHj CHj CHj 



73. A pharmaceutical composition of claim 72, wherein the 
amount of the compound is not more than about 30 
gm/m 2 /day. 
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